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There exists a common misconception amongst students and young practising engineers that embed¬ 
ded system design is "writing *C' code'. This belief is absolutely wrong ami 1 strongly emphasise that 
embedded system design refers to the design of embedded hardware, embedded firmware in ‘C of other 
supporting languages, integrating the hardware and firmware, and testing the functionalities of both, 

Embedded system design is a highly specialised branch of Electronics Engineering where the techno¬ 
logical advances of electronics and (lie design expertise of mechanical engineering work hand-in-hand 
to deliver cutting edge technologies and high-end products to a variety of diverse domains including 
consumer electronics, telecommunications, automobile, retail and barking applications. Embedded sys¬ 
tems represent an integration of computer hardware, software along with programming concepts for 
developing special-purpose computer systems, designed to perform one ora few dedicated functions. 

The embedded domain oilers tremendous job opportunities worldwide. Design of embedded system 
is an art. and it demands talented people to take up the design challenges keeping the time frames in 
mind. The biggest challenge faced by the embedded industry today is the lack of skilled manpower 
in the domain Though most of our fresh electronics and computer Science engineering graduates ore 
highly talented, they lack proper training and knowledge in the embedded domain. Lack of suitable 
books on (he subject is one of the major reasons for this crisis, Although various books on embedded 
technology are available, almost none of them are capable of delivering the basic lessons in a simple 
and structured way. They are written from □ high-end perspective, which are appropriate only For the 
practising engineers. 

This book 'Introduction to Embedded Systems' is the first-of-its-kind which will appeal as a com¬ 
prehensive introduction to students, and as a guide to practising engineers and project managers- It has 
been specially designed for undergraduate courses in Computer Science & Engineering, Information 
technology. Electrical Engineering. Electronics & Communication Engineering and Instrumentation 
& Control Engineering. Also, it will be a valuable reference Tor the students of BSe / MSe f MTcch 
(CS/lT/Electronies), MCA and DOEACC 'B' level courses. 

The book has been organised in such a way to provide the fundamentals of embedded systems; 
the steps involved in the design and development of embedded hardware and firmware, and their inte¬ 
gration; and the life cycle management of embedded system development. Chapters I to 4 have been 
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Preface 

structured to give the readers a basic idea of an embedded system Chapters $ in 13 have been organised 
to give an in-depth knowledge on designing the embedded hardware and firmware, They w ould be v ery 
helpful to practising embedded system engineers. Chapier 15 dealing with the design Life cycle of an 
embedded system would be beneficial to both practising engineer^ as well as project managers. Each 
chapter begins with learning objectives, presenting the concepts in simpEe language supplemented with 
ample tables, figures and solved examples An important pan of this bonk comes at the end of each 
chapter where you will find a hrief summary', Li si of ke> words, objective questions (in multiple-choice 
format) and review questions. To aid students commence experimentation in the laboratory, lab assign¬ 
ments have been provided in relevant chapters, An extremely beneficial! segment at the end of (he book 
is the overview of PIC & AVR Family of Microcontrollers & ARM Processors as well as innovative 
design case studies presenting real-world situations. 

The major highlights of this book are as follows. 

* Brings an entirely different approach in the learning of embedded system. It looks at embedded 
systems as a whole, specifies what it is, what it comprises of what is to be done with it and how 
to go about the whole process of designing an embedded system. 

* Follows a design- and development-oriented approach through detailed explanations for Keil Mi¬ 
cro Vision (i.e„ embedded systenVituegrated development environment), OKCAD (PCB design 
software tool) and PCB Fabrication techniques. 

* Practical implementation, such as washing machines, automotives, and stepper motor and other 
170device interfacing circuits. 

* Programming concepts' deals in embedded C, delving into basics to unravelling advance level 
concepts. 

* Complete coverage of the 8051 microcontroller architecture and assembly language program* 
ming, 

* Detailed coverage of RTOS internals, multitasking, task management, task scheduling, lask com¬ 
munication and synchronisation. Ample examples on Lhe various task scheduling policies. 

* Comprehensive coverage on the internals of MicroOQS-fl and Vx Works RIOS kernels. 

* Written in lucid, eosy-to^understand language with strong emphasis on examples, tables and fig¬ 
ures. 

* Use fid reference for practicing engineers not well conversant with embedded systems and their 
applications. 

* Rich Pedagogy includes objective questions, lab assignments, solved examples and review 
questions, 

The comprehensive online learning centre— http: ([ w w w. n di Lie. c oi 11 d i j b u c sic — accompanying 
this book offers valuable resources for students, instructors and professionals. 

For Instructors 

* PowerPoint slides (chapter-wise) 

* A brief chapter on Embedded Programming Language C++/ Java 

* Case studies that are given in the book and one new case study on heart beat monitoring system 

* Solution manual (chapter-wise) 

* Short questions, quizzes in the category of fill in Lhe blanks, truc/fjilsc and multiple choice ques¬ 
tions (25)', programming questions with solution (5). [Level of difficulty: hard) 

* Chapter-wise links to important websites and important text materials 
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Preface 



For Students 

■* Chapter-w j se tuton al s 

• A brief chapter on Embedded Programming Language C++* Java 

* Case studies that arc given in the book and one new case study on heart beat monitoring system 

# Answers for objective questions selected review questions and hints for lab assignments provided 
in the book. 

• Short questions, sc I f-test quizzes m the category of fill in the blanks, true, false and multiple choice 
questions (25); programming questions with solutions (5). (Level of difficulty: easy medium) 

* List qf project ideas 

* Chapter-wise links to important websites and important text materials. 

This book is written purely on the basis of my working knowledge in the field of embedded hardware 
and firmware design, and expertise in dealing whh the life cycle management of embedded systems. 
A few descriptions and images used in this book are taken from websites with prior written copyright 
permissions from the owner of the site author of the articles 

The design references and data sheets of devices including the parametric reference used in the il¬ 
lustrative part of (his book are taken from the following websites Readers are requested to visit ihese 
sites for getting updates and more information On design articles. Also, you can order some free samples 
from some of the sites for your design. 


www.intel.com 

www.atme1.com 

WW W ,analo g com 

www,ii,cpm 
ww-w.nxp .com 
www.naiionjil.cpTn 
5VTO', fa irchildspnii ,com 
wwwjnt cr si Leona 
www. free sea |c. com 

www.xilinx.coni 

www.o rcad.com 

www.kcil.com 


www.em bpq jpsl. F gro 
wuw.clecdesign.com 


Intel Corporation 

Maxim/Dal 1 ax SenticonducHsr 
Atmel Corporation 
Analog Devices 
Microchip Technology 
Texas Instruments 
NXP Semiconductors 
National Semiconductor 
Fairchild Semiconductor 
Intersil Corporation 
Frecscalc Semiconductor 
Xilinx (Programmable Devices) 
Cadence Systems (Oread Tool) 
K.dl | Micro Vision 3 IDE) 
Online Embedded Magazine 
Electronic Design Magazine 


f would be looking forward to suggestions for further improvement of the book. You max contact me 
at the following email id— tmli . oc feed ha ck- a -ipm 11 v t *m . KindLv mention the title and author name in 
the subject line. Wish you luck as you embark on an exhilarating career pcith’ 


SIribu KV 
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PARTI 


EMBEDDED SYSTEM: 
UNDERSTANDING THE BASIC CONCEPTS 



UnderMatiding ihes basic concepts is essential in the learning of any subject. Designing an Embedded 
System is not a herculean task if you know the (hndbmeuUds, Like any general computing systems, 
Embedded Systems also possess a set of characteristics which are unique to the embedded system under 
consideration. In contrast ns the general computing systems, Embedded Systems arc highly domain and 
application specific in nature, meaning; they am specifically designed for certain set of applications in 
certain domains like consumer electronics, telecom* automotive, industrial control, measurement sys¬ 
tems ciL. Unlike general computing systems il is not possible to replace an embedded system which is 
speeificatty designed for an application catering to a specific domain with another embedded system 
catering to another domain. The designer of die embedded sy stem should be aw are of its characteristics, 
and its domain and application specific nature. 

An embedded, system is art electrical/electro mechanical system which is specifically designed for an 
application catering ton specific domain. It is a combi nation of specialised hardware and firmware {soft¬ 
ware)* which is tailored to meet the requirements, of the application under consideration, An embedded 
system contains a processing unit w hich can be a microprocessor or a microcontroller or a System on 
Chip (SoC) or an Application Specific Integrated Circuit tASICyApplieation Specific Standard I'roduct 
f ASSP> or a Programmable Logic Device (PLDl like f PGA or CPLD, an I 0 subsystem which facili¬ 
tates the interfacing of sensors and actuators which acts as the messengers from and lu the 1 Rt'iil u'ti tfif 
to which die embedded system is interacting, on-board and external com inimical ion interfaces tor coni' 
municalifig between the various on-board subsystems and chips which builds the embedded system and 
external systems to which the embedded system interacts, and other supervisory systems and support 
units like watchdog timers* reset circuits* brown-out protection circuits, regulated power supply unn* 
clock generation circuit etc. which empower and monitor the functioning of the embedded system The 
design of embedded system has two aspects: The hardware design which lakes care ofihc selection of 
the processing unit, the various I/O sub systems and communication interface and die inter connec¬ 
tion among them, and the design of the embedded firmware which deals with configuring the various 
sub systems, implementing data communication and pfoccsbmg/LOuirulliug algorithm requirements. 
Depending on the response requirements and the type of applications fur which the embedded system 
is designed, the embedded system can be a Real-time ora Non-real time system, i he response require¬ 
ments for a real-time system like Flight Control System. Airbag Dephymmr System for Automotive etc, 
are time critical and the hardware and firmware design aspects for such systems should lake these inln 
account* whereas the response requirements for nun-real time systems like Attrvtnaiic Teller Machines 
[ATM), Media Playback Systems etc* need cot be tune critical and missing deadlines may he acceptable 
in such systems. 

Like any other systems, embedded systems also possess a set of quality attributes, which are the 
non-functional requirements like security, scalability* availability* maintainability* safety, portability etc. 
The non-function a l requirements for the embedded system should be identified and should be addressed 
properly in the system design. The designer of the embedded system should be aware of the different 
nor-functional requirement for the embedded system and should handle this properly to ensure high 
quality. 

This section of die book is dedicated for describing the basic concepts of Embedded Systems, The 
chapters in this section are organised in a way to give the readers a comprehensive introduction |u Em¬ 
bedded Systems, their application arras ami their note in real !ife\ 'The different elements of a typical 
Embedded System', the basic lessons on 'The characteristics ami quality attributes of Embedded Sys¬ 
tems’. 'Domain and Application specific usage exampfrsfor Embedded Svcfems" and ihe 'Hardware and 
Software Ctwfesign approach for Embedded System Design', and a detailed introduction to 77rc archi¬ 
tecture and programming concepts for SU51 \ ftcrocotUrafler The Shit .1 tierveonfrutter a elected for our 
design examples . We will start the section with the chapter on Introduction fa Emhedtled Systems' 
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LEARNING OBJECTIVES 


■f Lcam what an Embedded System is 

v £ l j7i ti t difference '".’ract . rvi< idled Intern- and General Computing Systems 
■f tf/ww the- bitfory of Embedded Systems 

* l> ■ r a do j petition if l n bedded Sysu -•••• be serf on performance, oomptanty and the eta in which they evolved 

■* Know the domains on 2 area: of out dot : of f. mbedtkd Systems 
" ilndets (a"d tritf dr ffeitnt purposes \f Embedded Sys terns 

^ Analysis of o reef fife exompte on the bonding of embedded technology with human life 


Our day-to-day life is becoming more and mure dependent on “embedded systems" and digital 
techniques. Embedded technologies are bonding into our daily activities even without our knowledge. 
Pn you know the fact that the refrigerator, washing machine, microwave oven, air conditioner, televi¬ 
sion, DVD players, and music systems that we use in our home are built around an embedded system? 
You rnay be trav eling by a "I lurid;]' or a 'Toyota' or a 'Ford' vehicle, but Imve you ever though! of the 
genius players working behind the special features and security systems offered by the vehicle to you? [t 
is nothing but an intelligent embedded system, lu your vehicle use It the presence of specialised embed¬ 
ded systems vary front intelligent head lamp controllets. engine controllers and ignition control systems 
to complex air hay control systems in pmiect you in ease of :i severe accident. People experience (he 
power of embedded systems and enjoy the features and comfort provided by them. Most of us are to¬ 
tally unaware or ignorant ofihc intelligent embedded .systems; giving us so much comfort and security, 
Embedded systems arc like reliable servants-they don't like to reveal their identity and neither they 
complain about their workloads to iheir owners or bosses I hey are always sitting in a hidden place and 
are dedicated; to their assigned task till their Iasi broaih. This book gives you an overview of embedded 
systems, the various steps involved in their design and development and the major domains where they 
are deployed,, 
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1.1 WHAT IS &N EMBEDDED SYSTEM? 

An embedded system isandecUtini^Icctro-nicchanical system designed Lo performs specific fundi on 
:iml is .1 combination ol both hardware and firm ware (software) 

[■ very embedded system is unique, and the hardware as well ns ihc firmware is highly specialised k> 
the applies! inn doauiin fin bed Jed systems arc becoming an inevitable part of ary product or equip- 
men! in all fields including household appliances* telecommunications, medical equipment, industrial 
control* consumer products, etc. 

1.2 EMBEDDED SYSTEMS vs. GENERAL COMPUTING SYSTEMS 


The computing revolution began with the general purpose computing requirements. Later it was realised 
ill.u the getser.il compuhnu requirements ate not sufficient for the embedded, computing rcquireinentH. 
The embedded com puling requirements demand 'something special' in terms of resinmst" lo stimuli, 
meeting the computational deadlines, power efficiency, limited memory aval lability, etc. Let's take the 
case of your personal ■. nnpulcr, which may be either a desktop PC or a laptop PL' or a palmtop PC, 3l 
is built ui i>i mil] a general purpose processor like an Intel® CaHrinO Off a Duo/Quad* emu or cm AMD 
Turion™ processor and is designed to support a set of multiple peripherals Like multiple USB LO 
ports, WbFi, cthcmcL, video port. 1C EE 139-1, SD CE'MMC citcnnl interfaces. Dlficlopftfi etc and with 
additional interfaces like a CD fcudAvril.tr on-hoard Hard Disk Drive (HDD)* gigabytes of RAM, etc* 
You can load any supported operating system (like Windows®. XP/Vista'7, or Red Hal Linux/Ubuntu 
Linux* UNIX etc) into the hard disk of your PC, You can write or purchase a multitude of applications 
for your PC and can use your PC for running a large number of applications (Like printing your dear’s 
photo using a printer device connected to the PC and printer software, creating u document using Micro¬ 
soft®'Office Word tool, etc.) Now let us think about the DVD player you use for playing DVD movies, 
Is it possible for you to change the operating system of your DVD? Is it possible for you to write an ap¬ 
plication and download it to your DVD player for executing? Is it possible for you to add a printer soft¬ 
ware to your DVD player and connect a primer in your DVD player to take a printout? Is it possible for 
you to change the functioning of your DVD player to a television by changing the embedded software? 
Tfic answer* to ul] these questions arc "NO\ Can you see any general purpose inter face like Bluetooth or 
Wi-Fi on your DVD player? Of course ‘NOE The only interface you can find out on the DVD player 
is the interface lor connecting the DVD player with the display screen and one tor con trolling the 
DVD player through a remote (May be an IR or any olhet specific wireless interface). Indeed your 
DVD player is an embedded system designed specifically for decoding digital video and generat¬ 
ing a video signal as output to your TV or any other display screen which supports die display inter¬ 
face supported by the DVD Player. Let us summarise our findings from the comparison of embedded 
system and general purpose computing system w idi the help of ;i table: 

(icncf ill Csrptw ( ompultng Syxtrm Imht-ttifi(I SyMcm 

A Jivsicm which is a combination of ji ticnene hardware A system which is a combination of special purpose 
and a Cicncrri INtrposc (grilling System fur cLxeeriinp a hardware and embedded OS for executing! a specific set 
ninety uf sppt u'.il i nns of ;i pphentions 

Concains a General Purple Operating System rt'iPOSl Stay i*r may rnci ennuin ■» rf ersnin;!- ’■yseem i 

functioning 


The illmtratun given here it basest nn ihe pnscesMjf details available till Dec Ilnis smee proccisor tsvliiK»’i*Ky w liiMkruiMiig npiJ 
changct. ihe proven* iunks nitnlmficd here iruy mn he fHo-mi tn fcruic 
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Applk alii Ms n dkrrahk i pl'i'f; nun IUjfik 1 1> i lie !Wr 
III \b pobuhk lor i be tod user to reinstall die upenuing 

syislcm. and plia ndd or remove user application*) 

The firmware of the embedded system rs pre-prax rammed 
.irkl it i> noftsdic table hy the end-user i lliere nm be 
exceptions for systems supporting OS kernel image 
(balling through spec bl Inudw-iUc ictlingv) 

Pcrfh nuance it the key deriding factor in the tried km of 
i!n.‘ v> sicni, Always, i'asic: ;■* Rciicr 

Application-specific requirements (like performance, 
power requirements, memory lx - jl: c, cie.i are tlic key 
d.-riding factors 

LcviTH'i id all tjilorrd low .i:ds reduced opciaiirij po-* cr 
requirements, options for different level* pf power 

nuttntgcitigpi 

Highly tailored tu [Ac advallUge Ol ihc jHmet saving 
modes supported by ihe hardware and the operating 
>y stem 

Rcspvin.'K: requirements arc not lime criticnE 

For cltulo caicjiiHrs of embedded .w^iems like minion 

UltiCJl Ml-1 I . the fCfifK IO-'- till i. '.eqLUiL’niL’Ht is highly 

critical 

Need not he detennniislic in execution behaviour 

i \ecuin ii bc:uviour is dcicnninisnc for ccrtaici types of 


embedded system* lAc 'Hard Heal Time' system* 

However, the demarcation between desktop systems and embedded systems in certain areas of 
embedded applications arc shrinking in cerium coutevts. Sinuirt phones are typical c\ampk:> tif this, 
Nowadays ^mart plumes are available wish RAM up to 756 MB and users can extend most oT their 
desktop applications to the smart phones and tl waives the clause “Embedded systems are designed lor 
a specific application 1 from [he characteristics cHhc embedded system for the mobile embedded dev ice 
category. However, smart phones come with & built-in operating system tind it is not modifiable by the 
end user, li makes list clause "The firmware of die embedded system is unalterable by the end user’/ 
still li valid clause in the mobile embedded device category. 

1.3 HISTORY OF EMBEDDED SYSTEMS 

Embedded systems were in existence even before the IT revolution. In the olden days embedded systems 
were built around the old vacuum lube and transistor techno logics and ihe embedded algorithm was 
developed in Law level languages, Advances m semiconductor and nano-technology ami IT revolution 
gave way to the development of miniature embedded systems. The first recognised modem embedded 
system is the Apollo Guidance Computer (AGC) developed by the MIT Instrumentation Laboratory for 
the lunar expedition. They ran the inertial guidance systems of both the Command Module (CM) and 
die Lunar Excursion Module (LEM). The Command Module was designed to encircle the moon while 
the Lunar Module and its crew were designed to go down to the moon surface and land there safely. Die 
Lunar Module featured in total IK engines t here were in reaction control ihrusteis, a descent engine 
and an ascent engine. The descent engine was 'designed to' provide thrust to the lunar module out of 
the lunar orbit and land n safely oil die moon Mil N original design was based on 4K words of fixed 
memory (Read Only Memory i and 256 wmds of erasable memory (Random Access Memory'), By June 
1963, the figures reached I OK of Sored and IK of erasable memory. 1 he final configuration was 3hK 
words of fixed memory and 2K words ot erasable memory . The clock frequency of the first microchip 
proto model used ns AGC was 1.024 MID Lind it was derived from a 2.(MS MHz crystal clock. Die 
computing unit of AGC consisted of approximately It instructions and 16 bit word logic. Around 5000 
ICs (3*mpui NOR gates, RTL logic) supplied h . I uirehild Semiconductor were used in this design The 
user interface unit of AGC is known as DSKY (display/keyboard). D5KY locked like a calculator type 
keypad with an array of numerals, It was used for input ling the commands to the module numerically. 
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The firs! mass-produced embedded system was the guidance computer for the Mimitemtn-I mis¬ 
sive in 1963. It was ihe "A u tone ties [i-lT guidance computer, built using discrete transistor logic and a 
hard-disk for main memory. The lirsl integrated circuit was produced in -September I95H but comput¬ 
ers using them didn't begin lu appear until 3963, Some oT their early uses were in embedded systems, 
notably used by NASA for the Apollo Guidance Computer and by the US militwy in the Minutcmatvll 
intercontinental ballistic missile. 

1.4 CLASSIFICATION OF EMBEDDED SYSTEMS _ 

It is possible to hove a mu I lit ink ul'classifications Tor embedded systems, bused on different criteria. 
Some of the criteria used in the classification of embedded sysietttss are: 

1. Based on generation 

2, Complexity and performance requirements 

3, Based on deterministic behaviour 

4. Based on triggering. 

The classification based on deterministic system behaviour is applicable for Real Time' systems. 
The applicaiionAask enecmion behaviour for &n embedded system can be either detentunisiic or norj- 
dclerministic. Based on the execution behaviour. Real Time embedded systems are classified into Hard 
and Soft. We will discuss about hard and soft real time systems in a later chapter. Embedded Systems 
which are ’Reactive' in nature (Like process control systems in industrial control applications) can be 
classified based on the trigger Reactive systems can be cither eve ft/ triggcfvd or time triggered 

1.4.1 Classification Based on Generation 

This classifies I ion is bused on [he older in which die embedded processing systems evolved from the 
first version to where they nn? today. As per this criterion, embedded systems can be classified into: 

1.4.1.1 First Generation The early embedded systems were built armim) Kbit microprocessors 
like SOWS and 2EQ, and 4bit microcontrollers, Simple in hardware circuit with firmware developed in 
Assembly code. Digital iclcphonc keypads, stepper motor control units etc. are examples of this, 

1.4. L2 Second Generation These are embedded sysiertis built around Lbbat microprocessors and 
8 or 16 bit microcontrollers, following the first generation embedded systems, The instruction set for 
the second generation processors controllers were much more complex and pow erful than (lie first gen¬ 
eration processors/cimtrollcni. Some ollhe second generation embedded systems contained embedded 
operating systems Tor their operation. Data Acquisition Systems, SC A DA systems* etc, arc examples of 
second generation embedded systems, 

L4.1.3 Third Generation With advances in processor technology', embedded system developers 
started making use of powerful 32bit processors and Inbil microcontrollers for their design. A new ! con¬ 
cept of application and domain specific processors controllers like Digital Signal Processors (DSP) and 
Application Specific Integrated Circuits (ASICs) came mtoihe picture. The instruction set of processors 
became more complex and powerful ami the concept of instruction pipelining also evolved. I he proces¬ 
sor market was flooded w ith different types pf processors from different vendors. Processors like Intel 
Pentium, Motorola 6SkL etc. gained attention in high performance embedded requirements. Dedicated 
embedded real time and general purpose operating systems entered into the embedded market Embed¬ 
ded systems spread its ground to areas like robotics, media, industrial process control, networking. elC- 
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1.4.1.4 fourth Generation The advent of System on Chips (SoC), rcconfigurable processors and 
muhicoire processor arc bringing high performance, tight integration and miniaturisation into the em¬ 
bedded device market The SoC technique implements a total system on a chip by integrating different 
luncttonalities w ith a processor core on an integrated circuit. We will discuss about Sot s in a later chap¬ 
ter. The fourth generation embedded systems are making use of high performance real time embedded 
operating systems for their functioning. Smart phone devices, mobile internet devices (MIDs)* etc. arc 
examples of fourth generation embedded systems. 

1.4.1.5 What Next? The processor and embedded market is highly dynamic and demanding, So 
'what will be die next smart move in the next embedded generation?* Let's wok and see, 

1.4.2 Clatt aification Bas ed on Comp lexity and Performance 

This classification is based on the complexity and system performance requirements. According to this 
classification, embedded sy stems can be grouped Into: 

1.4.2.1 Small-Scale Embedded Systems Embedded systems which arc simple in application 
needs and where the performance requirements are not time critical fall under this category. An elec¬ 
tronic toy is a typical example of a small-scale embedded system. Small-scale embedded systems are 
usually built around low performance and low cost ti or 16 bit microprocessor^microcontrollers. A 
small-scale embedded system may or may not contain an operating system for its functioning. 

1,4*3.2 Medium-Scale Embedded Systems Embedded systems which are slightly complex 
in hardware and firmware (software) requirements fall under this category'. Medium-Static embedded 
+ systems arc usually bin It around medium performance, low cost 16 or 32 bit nil cm processors microCQfl- 
trailers or digital signal processors. They usually contain an embedded operating system (either general 
purpose or real time operating .system) fur fund ion mg. 

L4r2,3 Large-Scale Embedded Systems/Complex Systems Embedded systems which 
involve highly camp] ex hardware and firmware require mens fall under this category. They are em¬ 
ployed in mission criiica] applications demanding high performance. Such systems are commonly built 
around high ixerfonnancc 32 or 64 bit RISC processors.controllers or Rcconfigurable System on Chip 
(RSoQ or multi-core processors and programmable logic devices. They may contain multiple proces¬ 
sors, controllers and to-units, hardware accelerators for offloading [lie processing requirements trout [he 
main processor of the system. Drooding/cncodmg of media, cryptographic function implementation* 
etc, are examples for processing requirements which can be implemented using a co-processor hard¬ 
ware accelerator Complex embedded systems usually contain a high performance Real Time Operating 
System (RTOS) for task scheduling* priori I trillion and management. 

1*5 MAJOR APPLICATION AREAS OF EMBEDDED SYSTEMS 

We are living m a world where embedded systems pluy a vital role in our day-to-day hie, starting from 
home iti the computer iridu>iry. where must of the people find their job fur a livelihood. Embedded 
technology has acquired a new dimension from its first generation model, the Apollo guidance computer, 
to the latest radio navigation system combined with in-car entertainment icchnoJogy and the mi cm pro¬ 
cessor based '"SinaiT" running shoes launched b\ Adidas in April 2005. The application areas and (he 
products in (he embedded domain arc count less. A lew of the important domains and products are listed 
below: 
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}, Consumer electronics; C ameorders, cameras, etc. 

2. Household appliances: Television, DVD players, washing machine, fridge, microwave oven. etc. 

3. Home automation and security systems: Air conditioners, sprinklers, intruder detection alarms, 
closed circuit television cameras, fire alum, etc, 

4. Automotive industry: Ami-lock breaking systems (AB$L engine control, ignition systems, 
automatic navigation systems, etc, 

5. Telecom; Cellular telephones, telephone switches, handset multimedia applications, etc. 

6. Computer peripherals: Printers, scanners, fax machines, etc. 

7. Computer networking systems: Network routers, switches, hubs, firewalls, etc. 

8. Healthcare: Different kinds of scanners, EEC, ECG machines etc, 

9. Measurement & Instrumentation: Digital multi meters, digital CROs, logic analyzers PLC 
systems, etc. 

10. Ranking dr Retail; Automatic teller machines (ATM) and currency counters, point of sales (POS) 

11. Card Readers: Barcode, smart card readers, hand held devices, etc. 


L6 PURPOSE OF EMBEDDED SYSTEMS 

As mentioned in the previous section, embedded systems are used in various domains like consumer 
electronics, home automation, telecommunications, automotive industry, healthcare, control & instru¬ 
mentation, retail and banking applications, etc. Within the domain itself, according to the application 
usage context, they may have different functionalities. Each embedded system is designed to serve the 
purpose of bay one or a combination of the following tusks: 

1, Data collcction/Srorage/Rcpnrsentalicm 

2, Data communi cation 

3, Data (signal) processing 

4, Monitoring 

5, Control 

6, Application specific user interface 

1.6.1 D ata Colledion/Stoiage /Represe ntation 

Embedded systems designed for the purpose of data collection performs acquisition of data from the 
external world. Data collection is usually done for storage, analysis, manipulation and transmission. 
The term “data* 1 refers all kinds of information, viz, text, voice, image, video, electrical signals and any 
other measurable quantifies. Data can he either analog (continuous) or digital f discrete V Embedded sys¬ 
tems with analog data capturing techniques collect data directly in the form of analog signals whereas 
embedded systems with digital data collection mechanism converts the analog signal to corresponding 
digital signal using analog to digital (A/D) converters and then collects the binary equivalent of the 
analog data. If the data is digital, it can he directly captured without any additional interface by digital 
embedded systems. 

The collected data tnay be stored directly in the system or may be transmitted to some other systems 
or it may be processed by the system or it may be deleted instantly after giving a meaningful representa¬ 
tion. These actions are purely dependent on the purpose for which the embedded system is designed, 
Embedded systems designed for pure measurement applications without storage, used in control and 
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instrumentation domain, collects data and gives n meaningful representation of the collected data by 
menus of graphical representation or quantity value and deletes ihe collected data when new data arrives 
at the data collection lemma I, Analog ami digital CROs, without storage memory art typical examples 
of this.. Any measuring equipment used jn the medical domain tor monitoring without storage function.' 
ality also conies under this category. 

Some embedded systems store the collected data for processing and analysis. Such systems incor¬ 
porate a binll-h plug-in storage memory for storing the captured data. Some of them give the user a 
meaningful representation of the collected data 
by visual (graphical/quantitative) or audible 
means using display units [Liquid Crystal Dis¬ 
play (LCD), Light Emitting Diode (LED), etc ] 
buzzers* alarms, etc. Examples are: measuring 
instruments with storage memory and monitor¬ 
ing instruments with storage memory used in 
medical applications, Certain embedded systems 
store the data and will not give a representation 
of the same to the user* whereas (he data is used 
for internal processing. 

A digital camera is a typical example of an 
embedded system with data collection-storage 
representation of data Images are captured anti 
the captured image may be stored within the 
memory of the camera The captured image can 
also he presented! to the user through a graphic 
LCD unit. 



I'Tig. Irl) A dlgila) cimeia for lnug» capturing/ 
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1.6.2 Data Communication 


Embedded data communication systems arc deployed in 
applications ranging from complex satellite communi¬ 
cation systems to simple home net wot king systems. As 
mentioned earlier in this chapter, the data collected by an 
embedded terminal may require transferring of the same 
to some other system located remotely. The transmission 
is achieved either by a wire-line medium or by a w ire- 
kss medium. Wire-line medium was the most common 
choice in all olden days embedded systems. As technolo¬ 
gy is changing, wireless medium is becoming ihvdc-tiieio 
standard for data communication in embedded, systems. 
A wireless medium offers cheaper connect Ivin solutions 
and make the communication link tree from the hassle of 
wire bundles. Data can cither be transmitted by analog 
means or by digital means. Modem industry trends are 
settling towards digital commumcatiiin 

The data collecting embedded terminal itself can 
incorporate data communication units like wireless 
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modules (Bluetooth, ZigBce. Wi-Fi, EDGE, GPRS, etc.) or wire-line modules (RS-232C, USB. TCP/IP. 
PS2, etc.). Certain embedded systems net as a dedicated transmission unit between the sending and 
receiving terminals, offering sophisticated functionalities like data paeketizing, encrypting and decrypt¬ 
ing. Network hubs, routers, switches, etc. arc typical examples of dedicated data transmission embedded 
systems;. They act as mediators in data communication and provide various features like data security, 
monitoring etc. 

1,6,3 Data (Signal) Processing 

As mentioned earlier, the data (voice, image, video, elec¬ 
trical signals and other measurable quantities) collected 
by embedded systems may be used For various kinds uf 
data processing. Embedded systems with signal process¬ 
ing functionalities are employed in applications demand¬ 
ing signal processing like speech coding, synthesis, audio 
video codec, transmission applications, etc. 

A digital hearing aid is a typical example uf an embed¬ 
ded system employing data processing. Digital hearing aid 
improves the hearing capacity of hearing impaired persons, 



1,6,4 Monitoring ffig. La) AitgluJ hairing mid employing 

■ignal pro-raising r* ehniguo 

Embedded systems foiling under l hi* category are *pe- -rjh»j»™TVMAiojDfeArAHrawM* 

rificnlly designed for monitoring purpose, Almost nil a +*^ 097 copyr 1 gtj re soos) 

embedded products corning under the medical domain arc 

with monitoring functions only They arc used Ibr determining the state ol same variables using input 
sensors, They cannot impose control over variables. A very good example is the electro audiogram 
(ECG) machine for monitoring (he heartbeat of a patient. Tne machine is intended to do the monitoring 


of the hcanbeai. it cannot impose control over the 
heartbeat. The sensors used in ECG are the di Be rent 
electrodes connected to the patient’s body. 

Some other examples of embedded systems with 
monitoring function are measuring instruments like 
digital CRO, digital multimeters, logic analyzers, 
etc. used in Control & Instrumentation applications. 
They are used for knowing (monitoring) the status 

of some variables like current., voltage, etc. They 
cannot control the variables in turn. 

1.6,5 Control 

Embedded systems with control functionalities 
impose control over some variables according to the 
changes in input variables, A system with control 
functionality' contains both sensors and actuators. 
Sensors are connected fu the input port for capturing 
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the changes in environmental variable or measuring variable. The actuators connected to the output port 
are controlled according to the changes in input variable to pul an impact on the controlling variable to 
brine tile control ted variable to the specified range. 

Air conditioner system used in our home to control the room temperature to a specified limit is a typi¬ 
cal example Ibr embedded system for control purpose. An uiconditioncr contains a room temperature- 
sensing element (sensor) which may be a therm¬ 
istor and a handheld unit for setting up (feeding) 
the desired temporal tiro. The handheld unit ma\ 
be connected to the cent rat embedded unit resid¬ 
ing inside theaircondilitmcr through a wireless link 
or through a wired link, The air compressor unit 
acts its the actuator. The compressor is con trolled 
according to the current room temperature and lhe 
desired temperature set by the end user. 

Here the input variable is the current room tem¬ 
perature and the control led variable is also the room 
temperature. The controlling variable is cool air flow by the compressor unit. If the controlled variable 
and input variable are not at the same value, the controlling variable tries to equalise ihem through 
taking actions oil the cool air Bow. 
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1,6,6 Application Specific User Interface 


These arc embedded systems with application-specific user 
interfaces like buttons, switches, keypad, lights, bells, display 
units, etc. Mobile phone is an example fur this. In mobile phone 
Lite user interlace is provided through die keypad, graphic LCD 
module, system speaker, vibration alert, etc 

1.7 ‘SMART* RUNNING SHOES FROM 
ADIDAS—THE INNOVATIVE BOND¬ 
ING OF LIFESTYLE WITH EMBEDDED 
TECHNOLOGY 


After three years of extensive research work. Adidas hunrhctl 
the ■’Smart" running shoos in the market in April 2005. I bo to mi 
‘’Smart Shoe" may sound gimmicky. Out adaptive cushioning 
provided by the shoe makes sense, and the design engineer¬ 
ing behind I he shoes very impressive, 'fhc shoe constantly 
adapts its shock-absorbing characteristics to customize its value 
to the individual runner, depending on the running style, pace, 
body weight, and running surface. The shoe uses a magnetic 
sensing system in measure cushioning level, which is adjusted 
via a digital signal processing untl that controls a motor-driven 
cubic system. 
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A hall effect sensor is positioned m the top of the “cushioning element”, and the niagnel is placed at 
the bottom of the dement. As the cushioning compresses on each impact the sensor measures the dis¬ 
tance from lop to bottom of mid-sole (accurate to GJ rnm). About 1CKSU readings per second are laken 
and relayed to the shoe’s microprocessor The Microprocessor (MPU) is positioned under die arch ol 
the shoe, It runs an algorithm that compares the compression messages received from the sensor to a 
preset range of proper cushioning levels, so ii understands if the shoe is too soft or too firm, Then die 
MPU sends a command to a micro motor, housed in the mid-foot, The micro motor turns a lead screw 
to lengthen or shorten a cable secured to the w alls of a plastic-cushioning element, When the cable is 
shortened, the cushioning element is pulled taut and compresses very Eittlc. A longer cable allows tor 
a more cushioned feci. A replaceable .!*V battery powers the motor and lasts for about 100 hours of 
running, 

The Portland, Ore-based Adidas Innovation Team that developed the shoe was led by Christian 
DiBenedetto. It also included dcclronictf lartica! engineer Mark Olcson, as welt as a footwear developer 
and two industrial designers. Oleson explains that the learn chose a magnetic sensor because it coo Ed 
measure the amount of compression in addition to the time it took to reacli full compression. Gather¬ 
ing sensor data, he says, meant little without building a comparative "running context" So one of the 
first steps in developing the MPU algorithms w as building this database. Runners wore test shoes that 
gathered information about various compression levels during □ ran. Then die runners were interviewed 
to learn their thoughts about the different cushion 
levels, *When the two matched up. that helped 
validate our sensor,** says Oleson, 

Adaptations in [he cushioning element account 
for the change of running surface and pace of the 
runner, and they're made gradually over an aver¬ 
age of four limning steps. The gnat is for the run¬ 
ner not iq fed any sudden changes. Adaptations 
are made during die "swing” phase rather ilum the 
"stance” phase of she stride (i.e. when the loot is 
off the ground). If the shoe’s owner prefers a more 
cushioned or a firmer “ride." adjustments can he 
made via * + 4” and” " buttons that also activate (he 
intelligent functions of die shoe. 

LED indicators confirm when the electronics 
are turned on (The lights do not remain on when 
(he shoes are in use). If the shots aren’t turned on, 
they operate like old-fashioned "manual" running 
shoes The shoes turn off if their owner is cither 
inactive or at a walking pace for JO minutes. 
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- Summary 


/ An embedded system lean UL'CltLiiiie-l'lecUEMiietfliaiiical tfyticrTt deMgiiedl lj perform j ^iccifk (Unciion and is 
n combination of huh hardware nml Unnnare (Sothnn) 

v A general purpose cotupmirtg system is a Lombnutinn of generic hardware ami gcneml purpOTMi operating 
cyrtctTi fur executing a variety of applications, whereas an embedded system is a conibmarinn of special purpose 
hardware and embedded O.s. firmware (or executing a ifwcific set of appliCBiion*, 

J Apollo Guidance Computer {AGO is the first recognised modem embedded syvtetn nod "Auiooctics OlT, the 
sukjincv tomputtr fo* the Mmutcman-I wn* the fitx moxx-fHoduccd embedded *y*icm 

J based on ilw complexity ami performance requirements, embedded system* are classified into xmail-scale, 
medium-scale .imi large-«*le/comple\, 

^ The presetrcc of embedded syslcms vary from simple electronic toys to complex flinlil and missile control 
systems. 

J Embedded systems are designed to serve the purpose of any one or a combination of data coUeclion/storage,'' 
representation. data comtnwkmimi, ilaui (signal) pnwe*sing, mnnitnring, Control nr applkaiicm xpccillc uaer 
interface 
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t.min dik'd ipltdl 


-Vn eEct trunki-dcctro-iuccbiUikBJ system whietl is designed io perform a tpecilie function and 
is a coitibirwOun Of both bonfire and firmware 
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A silicon chip representing a Central Process iny l.'hil (CPU) 

A highly integrated chip thnE con turns, a CPU, ■scraiehpad RAM, special ;trtd general purpose 
regtuter army* and integrated peripheral * 

Digital Signal Piiiccswr in a powerful bpecml porposc X‘Hv'32 bil nutropioecSwWi: designed 
spec Elk-ally lo meet llicconipoutioiul Jcmaiuls acid puwer conaUmcits 
Application Specific Integrated Circuit is a microchip designed u> perform a specific or unique 
abdication 

A iransifucer device tfui convert* energy from one form to another for any measui'cmenl or 
control purpose 

A form of tromducec dev ice i fiieiJLiniL-id a: electrical) w htch eutivem xignak to comespond- 
itiii physical action (motion) 

Light Lmiltmp Diode. Art output device producing visual hiJj edition in the form of tight in 
accofrLince with current Row 

Ajnmi'clcElricilnicc tvu RcrwTJilmg viudivl LriEhcallOil U coniains « pte/ixkctrlc Oi.ijiJk.ij in 
which prixliifc^ audible sound in response to the voltage applied to Ft 
A piece of Kofiw jre designed [l> uunngc and allocate system resource* and execute other 
pieces of soft ware 

An crnbenided device fur heartbeat mmiiioring 

Scrcrviv,«ry Control nr.>! D-r , Acquisition System. A Jj:.e acquisition HyUem used ill iiulih- 
tri.il control application-, 

R andom Access nietn-.iry \kLalile memory 

Analog lo Dfgtul Convener. .An mtegraled circuit which comerth analog signali to digiul 
form 
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itlu.Eihiirtv 

Wi-Fi 


: A tow eon, low power, Oi<m raa|elpjfliC(K itdiimh^:. Cm il.mi mil ^ .mlu h-ommunicaiiutt 
: Wireless Fidelity is ihc popular wireless communication tertuiiqin; i\u networked cuniriium- 
culktt ul'dcvicch 
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Objective Questions 


(bj Special purpose 
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4. 


5. 


b. 


I'HiK-iMci! sytfenw are 
(-D General purpose 
Embedded insicm la 

<a> An electronic system (b) 

(e> An cli!etro~m£ch:inti:;il system (d) 

\\ hich of the rullmun^ is not true about embedded nystem*? 

Ui lluilt around specidispd hardw are ib) 

fc) E\oeutioa beh^iour may be delcmuDulic Id) 

f c h Ndik of these 

S hich of rlic mil mine s m i an example of a L SitiaII- scale Embedded System ? 


A pure mechanical system 

OOor(c) 

Always contain an epcralin.c system 
All of these 


Simple calciilnEor 
Electronic toy car 

Apollo Guidance Computer [AGCJ 
Radio Navigation System 

MinuEeman-]] 

Apollo Guidance Compuler {AGO 


(□> Electronic liarhie doll |b) 

Cc) Cell phone Id) 

Mil- hr it jLii-LienjiL-J modem embedded svsletti is 

r 

(a) Apple Computer |b) 

(c) Calculator Id) 

The tirvi imis^ ptoJulclI embedEltd -iysicm is 
taj MHHtEem.ro-1 (fall 

(c) Autpneiics D-17 Id) 

Which of the follow iim in (arc) an iiilraded purpwwffs) of embedded systems? 

(a) Data collection (b) Data processing (e) Data communication 

1th All of these |e) None of these 

Which of the ml In wing is ran mre) example! s) of embedded syikm tordnla communication? 

US USB Masi storage device rbh Network router 

(c) Digitil camera (d) Music player 

(e) AUofihcsc (f) None of these 

A digital multi meter is -o example of an embedded system for 
la) Data eommunical itip fb) Monitoring (c) Control 

(e) None of these 

Which of the following is an fare) example!*) of an embedded system for signal processing? 

(a) Apple iPOD (medfj player device) lb) SanDisk USB nra storage device 

(c) Both fa) and |b] <d) None of these 


Id) All of these 



Review Questions 


1 Whal is an embedded sysierti? Explain the di Pc rent application* of embedded systems. 

2 ■ Explain the van mis purposes of embedded systems in detai l wi th 1 1 lusiroib e examples 
3, Explain the different eEasaifieatiotu of embedded systems. Give an example for each. 


The Typical Embedded System 



✓ 

</ 


v 

v 

/ 

✓ 

✓ 

v' 


<s 

s 

s 

V 

y 





LEARNING OBJECTIVES 


team the building blocks of a typkal tm bedded Syjfem 

ieerm about General Purpose Processors (GPPsf, Application Specific fnstroctrbn Set Processors (ASIPs), Micmpro- 
tenon. Microcontroller:, Digital Signal Processors, RISC & CISC processors, Harvard and Wtm-Neumann Processor 
Architecture, Big^endion v/s Utile endian processors, toad Store operation and Instruction pipelining: 
team about different PUh Uk? Complex Programmable Logic Devices (CPU) SJI, field Programmable Dote Array j 
(FPGAs), etc. 

Learn about the different memory technologies and memory types used in embedded system development 
learn about Masked ROM (MROM), PROM, 0TP r EPROM, EEPFtOM and RASH memory for embedded firmware storage 
Learn ob«jf Serai Access Memory (5AM) t Static Random Access Memory (SRAM), Dynamic Random Access Memory 
(ORAM) and nonvolatile SfoVf (HVRAM) 

Understand the different factors ta be considered in the selection of memory jar embedded systems 
Understand the note of sensors, actuators and their interfacing with the I/O subsystems of an embedded system 
team about the interfacing of UDs , ?-segment LED Displays, Piero Buzzer, Stepper Motor, Relays, Qptocouplers, 
Matrix keyboard. Push button switches. Programmable Peripheral Interface Device (e.g. 825$ PPI), etc. with the 
I/O Subsystem of the embedded system 

team olwul the different commumcation interfaces of an embedded system 

Understand the ranbus chip level communication interfaces bks IRC, SPI, UART, 1-wire, parallel bus, etc 
Understand the different wired and wireless external communication interfaces Mir R5*23X, R5-A&5, Parotid port. 
USB, IEEE1394 , Infromd (IrVA), Bluetooth, Wi-Fi. ZigBee GPRS r etc. 

Knew trhor embedded firmware is ond its role in embedded systems 

Understand the different system components like Reset Circuit jSrowrr-out protection tiraiK, Oscillator Unit. Real- 
Time Cbct (RTC) and Watchdog Timer amt 
Understand the role of PCB in embedded systems 


A t>T»icoI embedded system (Fig. 2, l ) contains a single chip controller, which acts as the master brain 
uf Lhe system. The eontrullcr can be a Microprocessor (e.g. Intel H085) or a microcontroller (e.g. Atmel 
ATB9C511 or a Field Prognunmablc Gate A nay f KPG A > device (e.g. A Vim Spartan) or a Digital Sign,? I 
Processor (DSP) (e.g. Biackfin^ Processors from Analog Devices) or an Application Specific Integrated 
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Circuit (ASICVApplicatitm Specific Standard Product fASSP) (eg. A0E7760 Single Phase Energy 
Mrtwtag 1C from) Analog Pc\ ices lor energy metering applications) 

Embedded hardwarc/softwarr systems are basically designed eg regulate n physical variable or to ma¬ 
nipulate (he slate of sonic devices by sending some control signals la the Actuators or devices connected 
to the O p pons of the system, in response to the input signals provided by the end users or Seniors 
which are connected to the input ports. Hence an embedded system can be v tewed us a reactive system. 
The control is achieved by processing the information coming from the sensors and user interfaces, and 
controlling some actuators that regulate the physical variable. 

Key boards* push button switches, etc. arc examples for common user interface input devices where¬ 
as LEDs, liquid crystal displays, piezoelectric buzzers, etc, are examples Tor common user interface 
output devices for a typical embedded system. It should be noted (hat it is nol necessary that all embed¬ 
ded systems should incorporate these I/O user interfaces., It solely depends on the type oflhe application 
for which the embedded system i> designed. For example, if the embedded system is designed for any 
handheld application, such as a mobile handset application, then the system should contain user inter¬ 
faces like a keyboard for performing input operations and display unit for providing users the status of 
various activities in progress. 

Some embedded systems do not require any manual intervention lor ihcir operation. They automati¬ 
cally sense the variations in the input parameters in accordance with the changes in ihc real world, to 
which they arc interacting through the sensors which are connected to the input port of the system. The 
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sensor information is passed to the processor a her signal conditioning and digitisation. Upon receiving 
the sensor data Ihc processor or bruin of the embedded system performs some pre-delined operations 
with the help of the firmware embedded in the system and sends some actuating signals to the actua¬ 
tor connected to the output purl of the embedded system* which in turn acts on the controlling variable 
to bring ihc controlled variable lo the desired level (o make the embedded system work in the desired 
manner 

The Memory of the system is responsible for bolding the control algorithm and other important con¬ 
figuration details. For most of embedded systems, the memory for storing the algorithm or configuration 
data is of fbted type, which is a kind of Read Only Memory (ROM} and it is not available for the end 
user for modifications, which means the memory is protected from unwanted user interaction by imple¬ 
menting some kind of memory protection mechanism. The mo>t common types of memories used in 
embedded systems for control algorithm storage arc OTP. PROM, UV EPROM. EEPROM and FLASH, 
Depending on the control application* the memory size may vary from a few byres to megabytes Wc 
will discuss them in detail in the coming sections. Sometimes the system requires temporary memory 
for performing arithmetic operations or control algorithm execution and this type of memory is known 
us “working memory". Random Access Memory (RAM) is used in most of the systems as ihc working 
memory. Various types of RAM like SRAM, DRAM and NVRAM lire used for this purpose. The size 
of the RAM also varies from a few bytes to kilobytes or megabytes depending on the application. The 
details given under the section "Memory 1 ’ will give you a more detailed description of the working 
memory. 

An embedded system without n control algorithm implemented memory is just like a new horn baby. 
It is having all the peripherals but is not capable of making any decision depending on the situational os 
well as real world changes. The only difference is that the memory of a new bom baby is self-adaptive, 
meaning that the baby will try to learn from die surroundings and from the mistakes committed. For 
embedded systems if is the responsibility oflhe designer lo imparl intelligence io the system. 

In a controller-based embedded system, the controller may contain internal memory Ibr storing the 
control algorithm and il may bean EEPROM or FLASH memory varying from a few kite bytes to mega¬ 
bytes. Such controllers are called controllers w ith on-chip ROM, e.g. Atmel AT89C5L Some controllers 
may not contain on-chip memory and they require an external (off-chip) memory for holding rhe control 
algorithm, c.g. Intel 8031 AH. 

2.1 CORE OF THE EMBEDDED SYSTEM _ 

Embedded systems arc domain nod application specific and arc built around a central core. The core of 
ihe embedded system falls into any one of the following categories: 

1. General Purpose and Domain Specific Processors 
1,1 Microprocessors 

12 Microcontrollers 

1.3 Di gi ml Signal Proces&orc 

2, Application Specific Integrated Circuits (ASICs) 

3. Programmable Logie Devices (PLDs) 

4, Commercial otT-ihe-shelf Components (COTS) 

If you examine any embedded system you will find that il is built around any of the core units men¬ 
tioned above. 
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2.1.1 General Purpose and Domain Specific Processors 

\lmost ^CH"; m tlic imbedded systems are prevessoreuntrolter foist'd 'Hit!: processor may he a micro- 
prtiCL'ss.jr i ' u microcontroller or a digua! '.iirual processor* depending on tJic domain and application. 
Most of ilit: embedded systems in ilit: industrial control and monitoring applications make use of ikie 
commonlv ivailnhte miernproee- i r- or microcontrollers whereas domains which require signal 
process in:}! such is speech coding., speech recognition, etc. make use of special kind of digital signal 
pa censors supplied i maruu .t. . i ■ tike, Analog DevicesTcvas In^nunems. dc 

2.1.1.1 Microprocessors A Miuopni.eMan i> .1 silicon chip representing a central processing unit 
K P ! t whit I is enpahh T performing arithmetic as well .i^ logical operations according to a pre-dc- 
lined set of itLstmeiiuns, vvtikft is specific 10 the manufacturer In general the (_ PU contains the Arith- 
itkMil and I ngic : mi 1 AI.U 1 control unit .irid working registers A microprocessor is si dependent unit 
.Hid it requires die en intimation of other hardware like memory, 1 truer unit, and iniemjpt controller, etc. 
for proper functioning I itcl claims the credit lor developing the rirs-t microprocessor unit /;ire/ 4004. 
a4bit processorvvhiel 1 wi* refoi^-d in Novemhei L'>71 Ei Icatured IK data memory, a l2Nl program 
counter and 4K program memory 7 , sixteen 4bit general purpose registers and -lb in si rue lions. Il run at a 
dock speed of 740 kHz. It was designed for olden day's calculators. In 1972, 14 mure instructions were 
idded to the 4(H4 iiNru. 'on cl mul the program space is upgraded to 8K. Also interrupt capabilities 
were added to it and 11 i-. icmimcd as Intel 1040. It was quickly replaced in April 1972 by Intel 8008 
which u.ls similar (u hth 404(1 the only difference was that its program counter was 14 bits wide and 
the iVW served us a terminal controller. In April 1974 Intel launched (he first K bit processor, the Inlet 
8080, with 1 1 ‘ib-it address bus arid program counter and seven flhit registers fA-EJIJ : BC* DP, and III. 
pairs formed die [obit regisler fur this processor!. Inlei 8080 was ihe most commonly used processors 
for industrial control and other embedded applications m tile 1973s Since the processor required other 
hardware components ns mentioned earlier Tor its proper functioning, the systems made out of ii were 
bulky and were lacking compactness. 

Immediately after the release of Intel 8080. Motorola also entered (he market with then processor, 
Xfotomln 6800 with a di fferent architecture ami instruction SCI compared to 8080. 

In 197b Intel came up with the upgraded version of 808ft— iWt7 8085, with two newly added tnsirm> 
Lions, three interrupt pins and serial I O. L lock generator and bus controller circuits were built-in and 
the power supply pan was modified to a single +-5 V supply 

In July 1976 £itog entered the microprocessor market with its Z8U processor as competitor to Intel. 
Actually' it was designed by an ex-Intel designer. Frederica luy^ht and it was an improved version uf 
Intel's 8080 processor, maintaining the original 8080 archilecture and iMruciiun set with an Kbit data 
bus and a 16bil address bus and w as capable of executing all instructions of 8080. It included hO more 
new instructions ind it brought out the concept of register hanking by doubling tile register set. Z80 also 
Included two sets of index registers for flexible design. 

Technical advances in the field of semiconductor industry brought a new dimension to die micro¬ 
processor market and twentieth century witnessed a Iasi growth in processor lechnology. 16. 32 and 
64 bit processors came into (he place of conventional Kbit processors, The initial 2 MHz clock is now 
an old story. Today processors with clock speeds up to 2.4 Gliz arc av nibble in the market. More and 
more competitors entered into Ihe processor market oiler mg high speed, high pci loin mice and low cost 
processors for customer design needs. 

Intel, AMD, Freescalc. IBM, 11, Cyrix Hitachi, NEC. LSI Logic, etc. are ihe key players in the 
processor market Intel still leads the market with cutting edge tech no logics in I lie processor industry. 
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Different inslruction set and system architecture arc available tor the design of a microprocessor. 
Harvard and Von -Neumann are die two common system architectures for processor design. Processors 
based on Harvard architecture contains separate buses for program memory and data memory, whereas 
processors based on Von-Neumann architecture shares a single system bus tor program and data memo 
iv We will discuss more about these architectures laier, under a separate topic. Reduced Instruction Set 
Lomputing fRISL ) and Complex Instruction Sei Computing (CISC) are the two common Instruction 
Set Architectures (ISA) available for processor design. We will discuss llte same under a separate topic 
in this section. 

2-F 1.2 General Purpose Processor (GPP) vs. Application-Specific Instruction Set Processor 

(ASIP) A General Purpose Processor or tiPP is a processor designed for general computational Usks. 
The processor running inside your laptop or desktop ( Pentium 4/ AMD Athlon, etc.) is a typical ex 
ample lor general purpose processor. They are produced in large volumes and targeting the genera! 
mirk cl Due 10 tlic high volume production, the per unit cost for a chip is low compared! to ASIf’ or 
other specific ICs, \ typical general purpose processor contains an Arithmetic and Logic Unit lALLf) 
and Coniml l "nil (UU4 On the tuber hand. Application Specific Instruction Set Processors lASIlfo) 
arc processors with architecture and instruction set optimised to specific-doiruunapplicariun require¬ 
ments like network processing* outomotive, ideeoin. media applications, digital signal processing, con¬ 
trol applications, etc. AS IPs fill the architectural spectrum between general purpose processors and 
Application Specific Integrated Circuits (ASICs). The need for an ASTP arises when the traditional 
general purpose processor are unable to meet the increasing application needs, Mosi of the embedded 
systems are built around application specific instruction set processors. Some microcontrollers Hike 
automotive AVR. USB AVR from AtnuE). system on chips* digital signal processors, etc, are examples 
for application specific instruction <id processors (ASIPs)* ASJPs incorporate a processor and on-chip 
peripherals, demanded by the application requirement, program and data memory. 

2.1.1.3 Microcontrollers A Mic roconlrol ler i s ,i h ig h ly 1 ntegrat ed eh ip tha 1 contains a L’P LI, sente h 
pad RAM* special and genera! purpose register arrays, on chip ROM/FLA SI f memory for program stor¬ 
age, timer and interrupt control units and dedicated 10 ports. Microcontrollers can be considered as a 
super set of microprocessors, Since a microcontroller contains all (he necessary functional blocks for 
independent working, tltcy found greater place in the embedded domain in place of microprocessors. 
Apart from this, (hey are cheap, cost effective and are readily available in The market. 

Texas Instrument's TMS lOtiO is considered as the world’s first microcontroller. We cunnoi say tt ns a 
fully functional microcontroller when we compare ii with modern microcoiitrotlerx, T1 followed Intel's 
4004/4040, 4 bit processor design and added some amount of RAM, program storage memory (ROM) 
and I/O support 011 a single chip, there by eliminated flu- requirement of multiple hardware chips for 
sch-1 unci inning. Provision to add cum mu lusinic lions to the CPU was another innovative feature of 
TMS lonfi, TMS 1000 wiiii released in 1974. 

In J977 Intel entered the microcontroller market with a family of controllers corning under one 
umbrella named MCS-48 1 ^ family The processors came under Lhi> family were 8Q33HL, 8039HL, 
&Q4QAHL f 804811. 8049M and 8QS0AH. Intel 8048 is recogniscdl as Intel's (itii microconuoller and it 
was the most prominent member in (lie MCS-4R r%! ' family. It wns used in the original IBM PC key¬ 
board I he inspiration behind 8048 was Fairchild's Fit microprocessor and Intel's goal of developing a 
low cost and small size processor. The design of 8048 adopted a true Harvard architecture where pro¬ 
gram and data memory shared llie same address bits and is differentiated by the related control signals. 
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Eventually Intel came out with ils most fruitful design in the -Sbii microcontroller domain die ftOSt 
family and its derivatives. It is the most popular and power Pul Kbit microcontroller ever built It was 
developed in the 1980s and was put under tin: family ML'S-51, Almost 75% of the iiucroconirollers 
used in live embedded domain were 2051 family bused controllers during line 1980-90^ 8051 proces¬ 
sor cones are used m more than 100 devices by more than 20 independent manufacturers like Max ink 
Philips, AimcL etc. under the license Ihim brief Due to the low cost, w ide availability, memory cftkiciH 
instruction set, mature development tools and Liuolcan processing (bit manipulation operation) capabil¬ 
ity, 8051 family derivative microcontrollers are much used in high-volume consumer electronic devices, 
entertainment industry and other gadgets where eost-cLilting is essential. 

Another important family of microcontrollers used in industrial control and embedded applications is 
the PIC family micro controllers from Microchip Technologies fit will he discussed in detail in a later 
section of this hook). It is a high performance RISC microconlrollcr complementing the CISC’(complex 
instruction sci computing) leuUnvH of S05I The terms RISC' and c ISC will be explained ip dentil in a 
separate heading 

Some embedded system applications require only Sbit comrollers vv liereas some embedded applica¬ 
tions requiting superior performance and computational needs demand IG/32bii microcontrollers, htli- 
neon, Freescale, Philips, Atmd, Maxim. Microchip etc. are the key supplier?, of Ibbit microcontrollers 
Philips tried to extend the 8051 family microcontroller* to use for I6bil applications by developing the 
Philips XA (eXiended Architecture) microcontroller rel ies. 

Hbii microcontrollers arc commonly used in embedded systems where the processing power is not 
a big constraint- As mentioned earlier, more than 20 companies are producing different flavours of the 
flff-U family inicTocoo iroll er. They i ty io add imifo and more functional (lies tike built in SPI. I5C serial 
buses, USB controller, ADC, Networking capability, etc. So the competitive market is driving lowards 
a one-stop solution chip in microcontroller domain. High processing speed microcontroller families 
like ARM 11 series arc also available in the markeq which provides solution to applications requiring 
hardware acceleration and high processing capability. 

Freescale, NEC, Zilog, Hitachi, Mitsubishi, Infineon, ST Micro Electronics. National. Texas Instru¬ 
ments, Toshiba. Philips. Microchip, Analog Devices, Daewoo. Intel. Maxim. Sharp, Silicon Laborato¬ 
ries,. TDK, Trisccnd, Win bond, Altnd, etc. are the key players in the microcontroller marker Of these 
Atmcl has got special significance. They are the manufacturers of a variety of Fbsh memory based 
microcontrollers. They abo provide In-System Programmability (which will be discussed in detail in a 
later section of this book) for the controller. The f lash memory technique helps in fast reprogramming 
of the chip and thereby reduces the product development time. A Unci also provides another special fam¬ 
ily of microcontroller called AVR ( ii will be discussed in detail in a later chapter), an Kbit RISC Flush 
microcontroller, last enough to execute powerful icistruc lions in a single clock cycle and provide the 
latitude you need to optimise power consumption, 

The instruction set architecture of a microcontroller can be either IUSC or CISC. Microcontrollers 
arc designed for ci(her general purpose application requirement, (general purpose controller) or domain- 
specific application requirement (application specific instruction set processor). The bu t S05! micro¬ 
controller is a typical example for a general purpose inicroeoritmller, whereas the automotive AVR 
microcontroller family from At me I i drpomlion is a typical example for AS1P specifically designed for 
(he automotive domain 

2.LL4 Microprocessor vs Microcontroller The following table summarises the differences 
between a microcontroller and microprocessor. 
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MSeroprncri»wr 

A silicon chip representing a central processing 
unit (CFU>, which is capable Ilf fH-:Mrming arith¬ 
metic as well as logical operations according h> a 
pre-defined set of instructions 

It is n dependent unit H requires the combina¬ 
tion of oilier dnp< like timer*, program and data 
memory chips, interrupt control lei \ etc. for fiiiie- 
Honing 

Most of the time general purpose in design and 
operation 

Doesn't contain a but it in S O port I he JO port 
functionality neciN to be implemented with the 
help of external programmable peripheral inter¬ 
lace chips like S255 

Targeted for high end market where pei formance 
is important 

l.i[Tilled power sj\, iiig nplUlfls compared tv micro¬ 
controllers 

2. LI.5 Digital Signal Processors Digital Signal Processors f DSPs) .ire powerful special purpose 
8. !<V'.12 bit microprocessor* designed specifically In meet the computational demands and power con¬ 
straints of today's embedded audio, video, and communications applications. Digital signal processors 
are 2 to 3 times faster than the general purpose rn[uniprocessors in signal processing applications. Tills 
is because of the architectural difference between (he two DSPs implement algorithms in hardware 
which speeds up the execution whereas general purpose processors implement the algorithm in firm¬ 
ware and the peed of execution depends primarily on (lie dock fot Ihe processors, In general, DSP can 
be vicw r ed as a microchip designed for performing high speed computational operations for 'addition', 
L subtraction'. n ml i indention'and 'division'. Atypical digital signal processor incorporaieslive follow¬ 
ing key units: 

pifogram Memory Memory for storing the program i equired by DSP to process the data 

Data Memory Working memory Tor sirring temporary variables and daio/signal to be processed. 

Computational Engine Performs the signal processing in accordance with the stored program 
memory Computational Engine incorporates many specialised arithmetic units and each of them oper¬ 
ates simultaneously to increase the execution speed, h also incorporates multiple hardware shifters Tor 
slut Hue operands and thereby save* execution time 

I/O Unit Acts as an interface between the outside world and DSP. It is responsible for capturing sig¬ 
nals to be processed and delivering ihe processed signals. 


VlicTornnl rnllcr 

A. iiiiaroconirollcr is a highly integrated chip that 
columns n CPU, scratchpad RAM, special and 
general purpose register arrays, rat chip ROM/ 
I LASH memory fur program Murage, timer and 
interrupt control uni Is and dedicated I/O ports 

It is a ,elI-continued unit and il doesn't require 
external interrupt controller, timer. UART. etc. for 
its functioning 

Mnslh applicntiouHiricnted or domain-spec itie 

Most of the processors contain multiple built-in 
3 Opor . whidu ii In operated ns a single 8 or 16 
or ^2 bu pim or as mdiv idual port pins 

TargekM fur embedded market where perfor¬ 
mance is not so critical i At present this demarca¬ 
tion is invalid) 

Includes lot of power saving failures 
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Audio video signal processing, telex oiiimuiiicaiRm nnd muliirnaiui applications me typical examples 
where MSP is employed. S>i^itnl signal processing employs a large amounl of real-time calculations. 
Sum df product (SOP) calculation, tumiRiUion, last fouricr Inmsfonn (FFI), discrete four tor Lnmsfomi 
I DFTi etc, arc some of she operations performed by digital signal processors. 

EJfockftrtV processors from Analog Devices is an example of DSP which delivers breakthrough 
signal-processing performance and power efficiency while also offering a. full 32-bit RISC MCU pro- 
gnunmmg model. Black fin processor; present high-performance, homogeneous software targets, which 
allows flexible resource a!location between hard real-time signal processing tasks and non real-time 
control tusks, System control tasks can often run in the shadow of demanding signal processing and 
milllimedia tasks. 

2J.L6 RISC vs. CISC Processors/Con trailers The term RISC stands for Reduced Instruction 
Set Computing. As the name implies, ail RISC processors.'controllers possess lesser number of instruc¬ 
tions, typically in the range of 3t) to 40. CISC stands for Complex Instruction Set Computing. From 
the definition itself it is clear that the instruction set is complex and instructions are high in number 
From a programmers point of view RISC processors are comfort able since s/he needs to learn only a 
few instructions, whereas for a ( ISC processor she needs to learn more number of instroetions and 
should understand (be context of usage of each instruction (This scenario is explained on the basis of 
n programmer following Assembly Language coding. For a programmer following C coding it doesn't 
matter since the cross-compiler is responsible for the conversion of the high level language instructions 
to machine dependent code). Atmcl AVR microcontroller is an example fora RISC processor and its in¬ 
struction set contains only 32 instruct ions, t tie original version oi'Wl microcontroller (e.g. ATS9C5J) 
is a CISC' controller and its in si roc I ion sc! contains 2*5 instructions Remember st is not the number of 
instructions that determines whether a processor, controller is (. ISC or RISC There are some other fac¬ 
tors like pipelining features, instruction set type, etc. for determining, foe KISt ( ISC criteria. Some of 
the import an I criteria are listed below 


RISC 

CISC 

Lesser number of instructi'ims 

Greater number of Instructions 

Instmdaan pipelining ajntl mere . et!, •.i'curiu.i peed 

Lrroeratiy no insinicticni pipelining feature 

Orthogonal iruttttclion sci (Allows ctudr InsmiciRm to 

irpcratL- WI any iev.ih.k m l isr ,1 iV .kld-e-’,ing nicsk) 

Nim-ocUHignmil intUructkui set (All niMUicdum. are not 
alkiued tn opener »m any regisicr and ifte any addressing 
m<'Je. ti rs instnK.tiniLWSpecihg] 

(Jftemliuri .ne fivtlcmm t on vgoiei ml> lire only 
iiieaiurv ciper,iii''tis arc io.id and store 

; Jpct'alnuNA rtfi' l- u 111 ! n;i rc^iilircs cl iririmw?. 

depending on the inalntttion 

A bige aiiinK-i cl rcekler* ore avnibbLc 

LiiruleJ itu: bei ■ : genera] perjxise feeLster* 

J'i '^r;LLcU|K-: nt-cds 1c .vnte i'l:niL‘ Code tt> t.ttcutfi a la>.L 
nincc dw invlrmlMiis 41 c Miriplrr oik-s 

iiutrucuotu are like maaaii m L kmgnage. A pregnatinff 
cm achieve itie dcirred funcnniudity with n migtc 
instruethnt w hich in turn provides the cITcel uf o^iiigmorc 
suiiplcf jitigk ubinjjdiuii!i m. RISC 

Single, fixed length instruitiiHis 

\ j - mbJe length iroiruclioio 

Less ^Llicon usage and pin eoum 

Vfire sicicon usage since marc additional decoder Iccie is 
t&iliitciltu iniplenicnt ihecuniplcx iiutmcluin decoding. 

Willi It an atd A nc h 11 ■% nitc 

( an be Harvard <u V\m Neumann Atchiieciure 


l hope now- you arc clear about. the terms RISC’ and CISC in the processor technology. Isn't it? 


+ B]«:JifinA' it A R r £»Eered trahernswi nf Dcvi«» Tnc 


77ie Typical Embedded System 



3,LI.7 Harvard Von Neusuann Processor/ControUer Architecture The forms Harvard 

and Vbn-Neumami refers to the processor lu chi lecture design. 

Microproeessorvc’antrolfori h iseil on the You Neumann architecture shares ll single common bus 
lor fetching both insiructions and data Program insinjetimis and data are stored in .1 common main 
memory', Voti-M enmann architecture based proccssors/controllers first fetch an ins!ruction and (hen 
fetch the data to support the instruction Horn code memory. The two separate fetches slows down the 
controller's operation. Von-Neumann architecture is also referred as Prinretnn architecture, since it was 
developed by the Pi it ice ton l ni verst [y 

Microprocessors^ onimHirN bused on the ffflrvard urchitireluro will have separate data bus and in¬ 
struction bu>. Ilm allows lire data transfer and program let clung to occur simultaneously on both buses. 
With Harvard areb he clone, the dnfo memory can be read and written while the program memory i^ being 
accessed. These separated dula mention arid code memory buses allow on, instruction to execute while 
the next instruction is fetched ( + ‘prc-telching" k The pre-fetch theoretically allows much faster execution 
titan Van -Neumann are Hi tc-eiure. Since sonic add it miial hard w. ire logic is required tor the generation of 
control signals for tlds type oi opera non n adds silicon complexity to the system. Figure 2.2 explains the 
Harvard and Von-Neumann areliiicelure com er-: 


I/O 


CPU 

r-1 

Memniy ; 




1 

T 

T 

Program :^ ^ 
memory j 

CPU 

( Ikitri 

“ n memory 








Singh' shared h-i- 


' Fig. £ 2 | HArVflTd t* Veil-Neumann architecture 


The following table high leg I us the differences between Harvard enrl You-Neumann architecture. 


Harvard UrhltKturr 

Separate butts for mstraciion and foirj retching 
Busier to pipdtne, re* high po h ■nnarww can be adues cd 
Compi/ain dy high mM 
No ii ;rnor, jbgnmart problem f 

Since J.Ui memory und program meniuts .ire -acred 
physically in different local km*, no dunces fin ncekknlal 

i.TirTup’tUl'tt "Ipiojuiil tin isunSr 


Vim- Neii nu tin Arr liltcct tru- 

Sitiftc ih.iTo.! foiw fuf instruction and ihiu Umlntifc 1 
I o'a j.icrii}rmaiKe compared k* Harvard architecture 
Cheaper 

Al Iow? k 1 f modifykig codes 

Siii^c data memory jrJ program memory Eire stored 

i ■ | the tatoc chip, dunces for act id hi 

coti uptiuii or program limtiurs 


2.1.1.8 Big-Endian vs. Little-Endian Ptxrcessors/Controllers I ndiunness specifics (he order 
in which the data is siored in the memory by processor operations in a multi byte system f Processors 
whose word size is greater than one by te). Suppose the word L'ngtli is two byte then data can be stored 
in memory in two different wavs 

1. Higher outer of font li hy i ■ in the higher memory and lower order of data byte ul Incntimi jusi below 
the higher memory, 

2, Low er order of data byte at the higher memory and high i order ofchl.i byte ul location jn si below 
the higher memory. 

5t1f.fjw.x1i ft nra COtft >. i cnag j3iF.cn.-. 1 imh v, hi.,h m slitici;: -. II ,1 ilc rv-reuiinu 
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LUric-endian (Fig. 2.3) means the lower-order byte of the data is stored in memory at the lowest ad¬ 
dress, and the higher-order byte ml the highest address. (Tile tittle end comes first.) For example, a 4 byte 
long integer Byte3 Byte2 By lei Bytrii will be stored in the memory as shown below; 


[)*.IlHjtXI'|H;fcie Adiiresi > 
0*20001 (Base Address +■ t) 
0*20002 (Base Address + 2) 
0x20003 (Ba^c Address +■ 31 

, FigTaTa) Litllft-Endiaa operilian 


Biisc Addras * 0 

1) vie & 

Byle {1 

Bane Address ■ ] 

Byle 1 

Ryle 1 

Base Address ■ 2 

U>ie 2 

LU it- 2 

Base Address + 3 

Ryle 3 

Byle 3 


Itig-cndhiu (Fig. 2.4} means the higher-order byte of ihedoia is stored in memory at the lowest address, 
and the tower-order byte at the highest address. (The big end comes first.) For example, a 4 byle long 
integer Byte3 Byte! By tel By ted will be stored in the memory as follows*; 


fU2WHM-iHu*L- Addrc^ i 

13x20001 l Rom Address - t > 
(>■;2CKKI2 (Bose Address - 21 
(3*20003 [Base Address - 3) 

I Fig 2 A \ Big-EnilM operation 


1 Lise Address I 0 

Byle } 

Rase Address ■+ l 

Byle 2 

Base Aitdrevi + 2 

Byte 9 

Bade Address + 3 

RyleO 


Byte 3 


llyic 2 


Byte t 


Byte 0 


2. LI.3 Load Store Operation and Instruction Pipelining As mentioned earlier, the RISC' pro¬ 
cessor instruction set is Orthogonal, meaning it operates on registers. The memory access related opera¬ 
tions ore performed by the special instructions /(Wand xtorv. if Ihe operand is specified ns memory 
location, the conteni of it is loaded to a register using the load instruction. The instruction stow stores 
dun from u specified register lo a specified memory location. The concept of Load Kturc Architecture 
is illustrated with the following example: 

Suppose jr, y and t art memory locations and we want to add the contents of x and j 1 and store the 
result in location r. Under the load store architecture the same is achieved with 4 instructions as shown 
in Fig. 2.5, 

The first instruction bud Rl, x loads the rcgisicr Rl with die content of memory location ,v, the sec¬ 
ond instruction had R2 t \ loads the register Ft2 with the content of memory location y. The in si rue lion 


J No4e that Die ?jm bldrtu js, ctv>icfl arbi:nnky is 0*2tNk1U 
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(Bq. a.s) TU# eanevpt of Bid item uclslltcnm 



-j. 


load WI. x 
load Rl.y — 
add R3, Rl. RI 
non R2,: — 



add R3. Rl, R2 adds ihe content of registers Rl and R2 and stores the result in rcgislcr R3. The next 
instruction store R3.z stores the conicni oT rcgislcr R3 in memory location z. 

The conventional instruction execution by the processor follow s (he fetch-decode-execute sequence. 
Where the 'fetch* part fetches the instruction from program memory or code memory and the decode 
part decodes the instruction lo generate the necessary conlrol signals. The execute stage reads the oper¬ 
ands, perform ALU operations and stores the result. In conventional program execution, the fetch and 
decode operations arc performed in sequence. For simplicity let’s consider decode and execution togeth¬ 
er. During Lhc decode operation the memory address bus is available and if it is possible to effectively 
utilise it for an instruction fetch, the processing speed can be increased In its simplest form instruction 
pipelining refers lo the overlapped execution of instructions. Under normal program execution flow it 
is meaning fill lo fetch Ihe next instruction to execute, while the decoding and execution oT the current 
instruchcti is in progress. If the current instruction in progress is a program control flow transfer instruc¬ 
tion like jump or call instruction, there is no meaning m fetching the instruction follow ing the current 
instruenon. In such cases the instruction fetched is flushed and a new instruction fetch is performed to 
fetch the instruction. Whenever the current instruction is executing the program counter will be loaded 
with the address of the next instruction. In case of jump or branch instruction, the new location is known 
only after completion of the jump or branch instruction. Depending cm the stages involved in an instruc¬ 
tion (fetch* read register and decode, execute instruction, access an operand in data memory, write back 
the result to register* etc,), there can he multiple levels of instruction pipelining Figure 2 6 illustrates the 
concept of Instruction pipelining for single stage pipelining 
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2.1.2 Applicatio n Specific Integrated Circuits (ASICs J 

Application Specific Integrated Circuit (ASIC) is a microchip designed to perform a specific or unique 
application. It is used as replacement to conventional general purpo.se logic chips. It integrates several 
functions into a single chip and there by reduces the system development cost. Most of the ASICs are 
proprietary products. As a single chip, ASIC consumes a very small area in the total system and thereby 
helps in the design of smaller systems with high capabilities/functionalities. 

ASICs can be pre-fabricated for a special application or it can be custom fabricated by using the com 
ponents from a re-usable ‘building block" library of components for a particular customer application. 
ASIC based systems arc profitable only For large volume commercial productions. Fabrication of ASICs 
requires a non-re fundable initial investment for the process technology and configuration expenses, rhis 
investment is known as Non-Recurring Engineering Charge (NRE) and it is a one time investment* 

If the Non-Recurring Engineering Charges (NRE) is borne by a third party and the Application 
Specific Integrated Circuit (ASIC) is made openly available in the market, the ASIC is referred ns 
Application Specific Standard Product (ASSPK The AS5P is marketed to multiple customers just as a 
genend-pinpose product is, but to a smaller number of customers since it is fora specific application. 
“The ADE7760 Energy Metre ASIC developed by Analog Devices for Energy meircing applications is 
a typical example for ASSF" 

Since Application Specific Integrated Circuits (ASICs) arc proprietary products, the developers of 
such chips may not be interested in revealing the internal details of it and hence if is very difficult to 
point out an example of it Moreover it will create legal disputes if an illustration of such :ui ASK' prod¬ 
uct is given without getting prior permission from the manufacturer of the ASIC; For the time being. 
Jet US forget about ii. We will come back lo it In another purl of ihb book scries (Namely, Designing 
Advanced Embedded Systems), 

2.1.3 Programmable Logic Devices 

Logic devices provide specific functions, including device-io-dcvice interfacing, data communication, 
signal processing, data display, timing and control operations, and almost every other function a system 
must perform, Logic devices can be classified into two broad categories fixed and programmable. As 
the name indicate, the circuits in a fixed logic device are permanent, they perform one function or set 
of functions-once manufactured, they cannot be changed. On the other hand, Programmable Logic 
Devices (PLDs) offer customers a wide range oflogic capacity, features, speed, and voltage ebiracscris- 
ties-and these devices can be re-configured to perform any number of functions at any time. 

With programmable logic devices, designers use inexpensive software tools lu quickly develop, sim¬ 
ulate, and lest their designs Then, a design can be quickly programmed into a device, and immediately 
tested in a live circuit. The PLD that is used for this prototyping is the exact same PLD that will he used 
in the finnl production of a piece of end equipment, such as a network router, a DSL modem, a DVD 
player, or an automotive navigation system, There arc no NRE crisis and the final design is completed 
much faster than that of a custom, fixed logic device. Another key benefit of using PLDs is that dur¬ 
ing the design phase customers can change Uic circuitry as often as they want until the design operates 
lo their satisfaction, Thafi! because PLDs are bused on re-writable memory technology -to change the 
design the device is simply reprogrammed. Once the design is final, customers can go into immediate 
production by simply programming us mtuiy PLDs ns they need with the final software design file. 

2. L3A CPLDs and FPGAs The two major types of programmable I ogic dev iees are Field Program¬ 
mable Gate Arrays (FPCiAs) and Complex Programmable Logic Devices (CPLDs), Of the two, FPGAs 


n 
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offer ihe highest amount of logic density, the most features, and the highest performance. The largest 
FPGA now shipping, part of the Xilinx Vlrtex 1 " 1 line of devices, provides eight million "system gates" 
(the relative density oflogic). These advanced devices also offer features such ax built-in hardwired 
processors (such as the tHM power PC), substantial amount of memory, clock management systems, 
and support for many of the latest, very fast device-to-dcvicc signaling technologies FPGAs are used 
in a w ide variety uf applications ranging from date processing and storage, to instrumentation, telecom¬ 
munications* and digital signal processing. 

CPLDs, by contrast, offer much smaller amuunls of logic-up lo about 10,000 gates. Out CPLDs offer 
very r predictable timing characteristics and arc therefore ideal for critical control applications. CPLDs 
such as the Xilin.x CaolRunncr™ 1 series also require extremely low' amounts of power and are very in¬ 
expensive, making them ideal for cost-sensitive* battery-operated, portable applications such as mobile 
phones and digital handheld assistant). 


Advantages oFJPLD Programmable logic devices offer a number of important advantage'- over fixed 
logic devices, including 

* PLDs offer customers much more flexibility during the design cycle because design iterations arc 
simply a matter of changing die programming file, and the results of design changes can lie seen 
immediately in working parfs, 

* PLDs do not require long lead times for prototypes or production pans.-the PLDs ore already on a 

distributor's shelf and ready for shipment. 

* PLDs do not require customers to pay for large NRE costs and purchase expensive mask sets - PLD 
suppliers incur those costs when they design their programmable devices and are able to amortize 
(hose costs over the multi-year lifespan of a giv en line of PLDs. 

* PLDs allow customers lo order just the number of parts they need, when they need them, allow mg 
them to control inventory. Customers who use fixed logic devices often end up with excess inven¬ 
tory which must be scrapped, or if demand for (heir product surges, they may be caught short of 
parts and face production delays, 

* PLDs can be reprogrammed even after a piece or equipment is shipped to a customer. In fact, 
thanks to programmable logic devices, a number ol equipment manufacturers now tout the ability 
to add new features or upgrade products that already are in the field. To do this, they simply upload 
a new ? programming file to the PLD. via the Internet, creating new hardware logic In the system. 

Over the last few years programmable logic suppliers have made such phenomenal technical ad¬ 
vances that PLDs are now seen as the logic solution of choice from many designers. One reason for 
(his Is that PLD suppliers such ns Xilin.x are “fofelcss" companies; instead of owning chip manufactor¬ 
ing foundries, Xilinx outsource that job to partners like Toshiba and L3MC, whose chief occupation is 
making chips. Tliis strategy allows Xilinx to focus on designing new product architectures, software 
tools, and intellectual property cores while having access lo the most advanced semiconductor process 
technologies. Advanced privets 1 ? technologies help PLDs in a number of ke\ areas: faster performance, 
integration of more features, reduced power consumption, and lower cost. 

FPGAs are especially popular for proloiy ping A SIC designs where the designer can test his design by 
downloading die design file into an FPGA device. Once the design is set. hardwired chips are produced 
foT faster pcrfonnance. 

Jusl a few years ago. for example, the largest FPGA was measured in tens of thousands of system 
gates and operated at 4fl MHz. Older FPGAs also were relatively expensive, costing often more than 
SI 50 for the most advanced parts at die time. Today* however. FPGAs with advanced features offer 
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millions of gates cf logic capacity, operate at 300 MHz, can cost less Ilian Slfl, and offer a new level of 
integrated functions such as processors and memory. 


2.1,4 Commercial O ff-tfae- Shelf C omp one nts (COTS) 

A Commercial Off-thc-Shclf (COTS) product is one which h used 'as-is' COTS product are designed 
in such a way to provide easy integration and interoperability with existing system components, The 
COTS component itself may be developed around a general purpose or domain specific processor or 
an Application Specific Integrated circuit or a programmable logic device Typical examples of COTS 
hardware unit arc remote controlled loy car control units including die RF circuitry part, high perfor¬ 
mance, high frequency microwave electronics (2-200 GHii), high bandwidth analog-io-digual convert¬ 
ers* devices and components Tor operation ui ut> high temperature*, electro-optic |R imaging arrays, 
UY/IR detectors, elc. The major advantage of using COTS is (bat Ihey are readily available in the 
market, are cheap and a dev eloper can cm down his her development time to a great extent. This in turn 
reduces the Lime to market your embedded systems. 

The TCP TP plug-in module available from various 
manufactures like k WlZnct\ 'FrecscaJc 1 , 'Dynalog 1 , etc. 
arc very good examples of COTS product (Fig. 2.7). This 
network plug-in module gives the TCP IP connectivity to 
the system you ait dev eloping. There e$ no need to design 
this module yourself and write the firmware for the TCP 1 
IP protocol and data transfer. Everything will be read¬ 
ily supplied by die COTS manufacturer. What you need 
to do is identify the COTS for your system and give the 
plug-in option On your board according to the hurdwurc 
plug-in connections given in the spec ilka (ions of the 
COTS, Though multiple vendors supply COTS fijr the 
same application, the major problem faced by the end- 
user is that there arc no operational and manufacturing 
standards. A Commercial off-the-shelf (COTS) component manufactured by a vendor need not have 
hardware plug-in and firmware interface compatibility with one manufactured by a second vendor for 
the wi*e application. This restricts the end-user to slick to a particular vendor for a particular COTS. 
This greatly affects the product design. 

The major drawback of using COTS components in embedded design is that the manufacturer of the 
COTS component may withdraw the product or discontinue the production of the COTS al any time if 
a rapid change in technology occurs, and this will adversely affect a commercial manufacturer of the 
embedded system which makes use of the specific COTS product. 



Fig. S.Tj An •Hinplc of « C QT5 prvdud tor 
- TCP/IP ping-L» EnmWIZnrt 

r wan*t tanoio/i pfo? in Wwfuip CtKvwrr 

cf WJZnel bi&f/WTnr. WTJJM Lm.ii/ma/i 


2.2 MEMORY 

Memory is an important part of a proccssor/controllcr based embedded sysicms. Some of the proccs- 
sors/controfiera contain built in memory and this memory is referred us un-cliLp memory. Others do 
not contain any memory inside the chip and requires external memory to be connected with the control¬ 
ler; processor to store (he control algorithm. It is called off-chip memory. Also some working memory 
is required for holding data temporarily during certain operations. This section deals with the different 
types of memory used in embedded system applications. 
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2.2.1 Program Storage Memory (ROM) 

The program memory or code storage memory of an embedded system si dies the program instructions 
and it eon be classified into difTeieiu types as per I he Mock diagram rc-prcsen lotion given in Fig. 2.8, 



PROM 
l DTP} 


NVRAM 


FPROM 


FFPROM 


(fig. ELflj ClMirtlcatioa Pjr&gtwn M*mory (ROM) 


The code memory retains its contents even after tin: power lo it is turned off. It is generally known us 
non-volatile storage memory Depending on I he fabrication, erasing end programming techniques they 
arc classified into the following types, 

2.2.L1 Masked ROM (MROM) Masked ROM is u one-time pingninwiablc device. Masked ROM 
makes use of the hardwired technology for storing data. I he device is factory programmed by masking 
and metallisation process at the lime of production itself, according to the data provided by the end user. 
The primary advantage of chit; is low cost for high volume production. They are the least expensive type 
of solid state memory. Different mechanisms are used for the masking process of the RUM, like 

1. Creation of an enhancement or depletion mode transistor through channel implant 

2. By creating (he memory evil either usi ng ;i standard transistor or a high threshold transistor, lit the 
high threshold mode, the supply voltage required to turn ON the transistor is above the normal 
ROM 1C operating voltage. Tins ensures that the transistor is aJ\VnV> till and llie memory cell 
stores always logic 0. 

Masked ROM is a good candidate for storing the embedded linn ware for low cost embedded devices. 
Once the design is proven and the firmware requirements are tested and frozen* die binary data lThe 
firmware cross compiled assembled in target processor q’-ceilic machine code) corresponding to it cat* 
be given to the MROM fabricator. The limitation w ith MROM based firmware storage is the inability to 
modify the device firmware against firmware Upgrades ^inre the MROM is pcmmiu’fli in hill storage. it 
is not possible m alter the bit information. 

2 2. LB Ptograjnmable Read Only Memory (PROM) / (OTP) Unlike Masked ROM Memory. 
One Time Programmable Memory (OTP) or PROM is not pre-programmed by the manufacturer The 
end user is responsible for programming these devices. This memory bus nichrome or pot) nfic'dn wires 
arranged in a matrix. These wires can he functionally viewed as fuses. It is programmed by a PROM 
programmer which selectively bums (lie fuses according lo llie bit |itmem to be stored. Fuses which are 
not blown/bumod represents a logic “1” whereas fuses which are blown/btimed represents a logit "O ’. 
The default state is logic "I”. OTP is widely used Ibr commercial product inn of embedded systems 
whose prototyped versions an: proven and the code is finalised!. It is a low cost solution for commercial 
production. OTPs cannot ho reprogrammed. 
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2.2.1.3 Erasable Programmable Read Only Memory (EPROM) OTPs arc not useful and 
worth for development purpose. During the development phase the code is subject to continuous chang¬ 
es and ruling an OTP each time to load [he code is not economical Irauble Programmable Head Only 
Memory (EPROM) gives the flexibility lore-program the same chip. EPROM stores the bit in format ion 
by charging (he flouting gate of dii FFT, Bit information t> stored by using an EPROM programmer, 
which applies high voltage to charge the floating gale. EPROM contains a quartz cry stal window for 
erasing the stored information. If the window is exposed to ultraviolet rays for a fixed duration, the 
eniire memory will be erased Even (hough the EPROM chip is flexible in terms of re-programmability 
it needs to be taken out of the circuit board and put iti a L1V eraser device for 2fl to 30 minutes. So il is 
a tedious and lime-consuming process. 

2,2J .4 Electrically Erasable Programmable Read Only Memory (EEPROM) As the name 
indicates, die information contained in die EEPROM memory can be altered by using electrical signals 
at the rcgister/Bytc level, They can be erased and reprogrammed in-circuit. These chips include a chip 
erase mode and in this mode they can be erased in a few milliseconds. Tt provides greater flexibility for 
system design. The only limitation is ihctr capacity is linuEed when compared with the standard ROM 
(A few kilobytes). 

2.2.1.5 HASH FLASH is the latest ROM technology and is the most popular ROM technology used 
in Today's embedded designs. FLASH memory is a variation of EEPROM technology. It combines the 
re-programmability of EEPROM and the high capacity of standard ROMs. FLASH memory is organ¬ 
ised! as sectors (blocks) or pages. FLASH memory stores information in an army of floating gate MOS- 
FET transistors. The erasing of memory can be done at sector level or page level without a faceting the 
other sectors or pages. Each sector/page should lie erased before ic-programming. The typical erasable 
capacity of FLASH is 1000 cycles. W27CM2 from WIN BOND ( www.winlwiid com ) is 3ft example of 
6dKB FLASH memory. 

2.2.1.6 JWRAM Non-volatile RAM is a random access memory with battery backup. It contains 
static RAM baaed memory and a minute battery for providing supply lo the memory in the absence of 
external power supply. The memory and battery are packed together in a single package. The life span 
of NVRAM is expected to be around ID years 051644 from Maxim/Dallas is an temple of 32KB 
NVRAM. 

2 . 2.2 Read-Write Memory/Random Access Memory (RAM) 

RAM is the data memory or w orking memory of the COntroller/proccSSor. Controller processor can 
read from it and write to it, RAM is volatile, meaning when the power is turned off. all the contents 
are destroyed. RAM is a direct access memory, meaning we can access I he desired memory location 
directly without the need for traversing through ilie entire memory local ions to reach (he desired 
memory position (i.c. random access of memory location). Tins is in contrast to the Sequential Access 
Memory (SAM), where the desired memory location is accessed b> cither traversing through the entire 
■memory or through a ’seek' method- Magnetic tapes, CD ROMs, etc. are examples of sequential access 
memories. RAM generally falls into three categories: Static RAM (SRAM), dynamic RAM (DRAM) 
and non-volatile RAM (NVRAM) (Fig. 2 9). 

2.2.2.1 Static RAM (SRAM) Stunk RAM stores data in the form of voltage. They arc made up of 
flip-flops. Static RAM is the fastest form of RAM available. In Typical implementation, an SRAM cell 
(bit) is realised using six transistors (or b MOSFErs). Four of the transistors are used for building the 



j Fig3.jp ) Clisi Uleafiort afWotJdAg Memory (RAM) 

latch (flip-flop) port of the memory cell and two for controlling the access. SRAM is fast in operation 
due to its resistive networking and switching capabilities In its simplest representation sin SRAM cell 
can be visualised as shown in Fig. 2AO: 



This implementation in its simpler form can be 
viximhscc! ms two-cross coup led inverters w ith rend' 
write control through Transistors. The four transis¬ 
tors in the middle form the cross-coupled inverters. 

This cart be visualised as shown in Fig, 2,11, 

From the SRAM implementation diagram, it is 
clear that access to the memory cell is control fed 
by the line Word Line, which controls the access 
transistors (MOSFLTs) Q5 and Q6 The access tran- 3.1 lj SRAM cell 

s is tors control the connection to bit lines B & BL En 

order to w rite a value lo the memory cell, apply the desired value lo the bit control lines (For writing 1. 
make B ■ 1 and IT “0; For writing 0, make B fJ and RV -1) and assert the Word Line (Make Word line 


Wrile control Read control 
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]i! jIi i This operation latches the bit written in the Hip-flop. For reading the content of the memory cell, 
assert both H ami B hit lines to I and set the Word line to I 

l he major LmiiUlioiu of SRAM arc low capacity and high cost. Since a minimum of six transistors 
are required to build a single memory cell, imagine how man* memory cells wc can fabricate on a sili¬ 
con wafer 

2. 2.2 . 2 Dynamic RAM (DRAM) Dynamic R AM storey data 
in the form of charge. They are made up of MOS transistor 
gates. The advantages of DRAM are its high density and low 
cost compared to SRAM The disadvantage is that since the 
inlomuiiicm is stored as charge it gets leaked off with time and 
lo prevent this they need to be refreshed periodically. Special 
circuits called DRAM controllers are used for the refreshing 
operation. The refresh operation is done periodically in milli¬ 
seconds interval Figure 2.12 illustrates the typical implementa¬ 
tion of a DRAM cell. 

The MGSFET acts as the gate for the incoming and outgo¬ 
ing data whereas the Capacitor acts as the bit storage unit. Table 
given below summarises die relative merits and demerits of 
SRAM and DRAM technology.. 
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Mart p-L-tts tx 
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Fi$t tf) operation. Typical access time is I on-. Slaw in operalioii due to refresh requirements. Typical 

i.'ll.’-- timi 1 Ln Wins Write operation is inxier ihan rcwS 
operation 

2*2.2.3 NVRAM Non-volatile RAM is a random access memory with battery backup. It contains 
static RAM based memory and a minute battery for prosiding supply lo the memory in the absence 
of externa] power supply. The memory and baltcry are packed together ill a single package. NVRAM 
is used for the non-volatile storage of results of operations or for setting up of flags, etc. The life span 
of NVRAM is expected to be around 10 years. DS] 744 from Maxim Dallas is an example for 32KB 
NVRAM. 


Dii line B 



i Fig. £. 12' DRAM Cell LraplrmrnUtlor', 


2,2.3 Memory According to the Type of Interface 

The interface (connection) of memory with the proccssor/controllcr can be of various types. It may be 
a. parallel interface [The parallel data lines (D0-D7) for an H hd procevsor'controIIcr will be connected 

10 D0-D7 of the memory) or Ihe interface may be a serial interface like 12C (Pronounced ns I Square C, 

11 is a 2 line serial interfacet or it may be art SP] (Serial peripheral interface. 2+ti line interface where 
n stands for the total number ofSFI bus devices in the system), It can also be of a single wire intercon¬ 
nection (like Dallas 1-Wire interface). Serial interface is commonlv used for dam storage memory like 
EEPRGM. The memory density of a serial memory is usually expressed in terms of kilobits, whereas 
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that of a parallel interface memory is expressed m terms of kilobytes, Atmel Corporations AT24C5I2 
is an example tor serial memory with capacity 512 kilobits and 2-wire interface. Please refer to the 
section 'Communication Interface' fur more details on I2C. SPI and 1-Wire Bus. 

2.2.4 Memory Shadowing 

Generally the execution of a program ora configuration from a Read Only Memory (ROM) is very slow 
(120 tu 20E1 us) compared to the execution from a random access memory (40 to 70 ns). From the Lim¬ 
ing parameters it is obvious that RAM access is about three tunes as fast as ROM access. Shadowing 
of memory is a technique adopted in solve the execution speed problem in processor-based systems, 
In computer .systems and video systems there \\ ill be a configuration holding ROM called Basic Input 
Output Cun figuration ROM or simply DIOS. In personal computer systems BIOS stores the hardware 
Configuration information like the address assigned for various serial ports and other non-plue V play 
devices, etc. Usually it is read ,inJ the system is configured according lo ii during system boot up and 
it is time consuming. Now the manufactures included a RAM behind the Logical layer of BIOS at its 
same address as a shadow m the BIOS and the first step that happens during. Hie boot up is copying the 
BIOS to ihc shadowed RAM anti write protecting the RAM then disabling live BIOS reading You may 
be thinkiug lli.it what a stupid idea it is and why hoi It RAM and ROM ore needed for holding the same 
data The answer is; RAM is volatile and it cannot hold the configuration data which is copied from the 
BIOS when the pow er supply is sw itched off. Only a ROM can hold it permanently. But For high system 
performance ii should be accessed from a RAM instead of accessing from a ROM. 

2.2.5 Memory Selection for Embedded Systems 

Embedded systems requires program memory for holding the control algorithm (Fora super-loop based 
design) or embedded OS and Ihc applications designed to run on top oftl (for OS based designs), data 
memory for holding variables and temporary data during task execution, and memory for holding non¬ 
volatile data (like configuration daiu, look up tabic etc) which arc modifiable by the application (Unlike 
program memory, which is non-volatile as well unalterable by the end user). The memory requirement 
for an embedded system in terms of R VM ami RUM (EEPRQM/FLASH/NVRAM) is solely dependent 
on the type of the embedded system and the applications tor which it is designed. There ts no hard and 
feat rule Tor calculating the memory requirements, lot of factors need to be considered w hen selecting 
the type and sue uf memory for embedded system. For example, if the embedded system is designed 
using SoC or aniicrciconircrlkT with un-chip RAM and ROM (FLASH/l£EI J RDMl depending on the ap¬ 
plication need the on-chip memory may be sufficient for designing the tote! system. A& a rule of thumb, 
identify your system requirement and bused on the type ofpracessor (Snt or microcontroller with tin- 
chip memory) used for the design, take a decision on whether the on-chip memory is suffidem or exter¬ 
nal memory is required- let's consider a simple electronic lov design av an example. As the complexity 
ul requirements arc less and data memory requirement arc minimal, we can Hunk of a microcontroller 
with u few bytes of internal RAM, a few bytes or kilobytes (depending on Ihc number of tasks and the 
complexity of tasks) of FLASH memory and a few h\tes of If EPROM (if required) for designing the 
system. Hence there is no need for external memory at all, A PIC microcontroller device which satisfies 
tile I'O and memory requirements can be used in this case. If the embedded design is based oil an RTOS, 
the RTOS requires certain amount of RAM for its execution and ROM for storing the RTOS image 
(Image is the common name given for the bin:iry data generated by (he compilation of all RTOS source 
flies'). Normal!; the binary code fur RTOS kernel containing alhhc services is stored in a nun-volatile 
memory (Like FLASH) as either compressed or nan-compressed data. During bont-up uf the device, 
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the RTOS files arc copied from the program storage memory, decompressed if required and then loaded 
to the RAM for execution. The supplier of the RTOS usually gives a rough estimate on the run time 
RAM requirements and program memory requirements for lire RTOS. On top of this, add ihe RAM 
requirements for executing user tasks and ROM for storing user applications. On a so Ter side, always 
add u buffer value to the total estimated RAM and ROM size requirements. A smart phone device with 
Windows mobile operating system is a typical example for embedded device with OS. Say 64MB RAM 
and 128MB ROM arc (he minimum requirements forniisning she Window s mobile device, indeed you 
need extra RAM and ROM for miming user applications. So while building the system, count the 
memory for that also and arrive ai a value which is always at the safer side, so that you won't end up in 
a situation where you don’t have sufficient memory lo install and run user applications I here are two 
parameters for representing a memory. The first one is the size of the memory chip (Memory density 
expressed in terms of number of memory bytes per drip). There is no option to get a memory diip with 
ihe exact required number of bytes Memory chips come in standard sizes like 5I2bytcs, I024hyies 
(1 kilobyte), 2048bytcs(2 kilobytes), 4Kb* f 8Kb* 16Kb* 32Kb t 64Kb, 128Kb, 256Kb, 312Kb, 1024Kb 
(1 megabytes), etc. Suppose your embedded application requires only 750 bytes of RAM* you don't 
[rave the option of gening a memory chip with si/e 750 bytes, Ihe only option left with is to choose 
the memory chip with a size closer to the size needed. Here 1024 bytes is the least possible option. We 
cannot go for 512 bytes, because the minimum requirement is 750 bytes. While you select u memory 
size* always keep in rrtind the address targe supported hy your processor. For example, for a processor 
controller with 16 hit address bus, the maxi mum number of memory locations that can be addressed is 
2'* * 65536 bytes ■ 64Kb. I [cnee it is meaningless to select n l28Kh memory chip for a processor with 
Efibit wide address bus. Also* the entire memory range supported by the processor controller may not 
be available tv the memory chip alone. It may be shared between 1/t >, oilier It * sintl memory. Suppose 
the address bus is I6bir wide and only (he lower 32Kb address range is assigned to the memory chip, 
the memory size maximum required is 32Kb only. It is not worth to use a memory chip with size 64Kb 
in such a situation. The second parameter that needs In be considered in selecting a memory is the word 
size of the memory , The word size refer* in ihe number of memory' bits that can be read/write logeiher 
at a time, 4. 8. 12. 16, 24, 32, etc. are the word sizes supported by memory chips, Ensure that the word 
size supported by the memory chip matches with the Jam bus width of die processor.''eon[roller. 

FLASH memory is (he popular choice for ROM (program storage memory) in embedded applica¬ 
tions. It is a powerful and cost-effective solid-slate storage technology for mobile electronics devices 
and other consumer applications. FLASH memory comes in two major variants, namely, HAND and 
NOR FLASH NAND FLASH is a high-density low r cost nun-volatile storage memory On the other 
hand, NOR FLASH is less dense and slightly expensive. Ulh it supports the Execute in Place iXlP) 
technique for program execution, The XlP [ethnology allows the execution of code memory from ROM 
itself without the need for copying it to the RAM as in the case of conventional execution method, it is 
n good practice to use a combination of NOR and NAND memory for storage memory requirements, 
where NAND can be used for storing the program code and or data like the data captured in a camera 
device. NAND FLASH doesn't support XJPaird if NAND FLASH is used for storing program code, a 
DRAM can be used for copying and cxtcEiimg the program aklc. NOR FLASH supports XEP and it can 
be used as the memory for bootloader or for even storing the complete program code. 

The EE PROM data storage memory is available as either serial interface or parallel interface chip. IT 
the processor/co n [roller of the device supports serial interlace and the amount of data to write and read 
to and from the device is less, it is better to have a serial EE PROM chip. The serial EE PROM saves the 
address space of die tola! .system. The memory capacity of the serial EE PROM is usually expressed in 
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bits or kilobits. 512 bits, 1 Kbits, 2Kbits. 4Kbits, etc. are examples for serial EEPROM memory repre¬ 
sentation. For embedded systems w ith low power requirements like portable devices, choose tow power 
memory devices. Certain embedded devices may be targeted for operating id extreme environmental 
conditions like high temperature, high humid area, etc. Select an industrial grade memory chip in place 
of die commercial grade chip for such devices. 

2,3 SENSORS AND ACTUATORS 


At the very beginning of this chapter it is already Ellen tinned that an embedded sysiem is in const unt 
interaction with the Real world and the controlling monitoring functions executed by the embedded 
system is achieved in accordance with the changes happening to the Real world The changes in sys¬ 
tem environment or variables are detected by the sensors connected to the input port of the embedded 
system. If the embedded system t% designed lot any con nulling purpose, the system will produce some 
changes in the controlling variable to bring the controlled variable I 0 the desired value It is achieved 
through an oduamr connected to (he output port of the embedded system, If the embedded system is 
designed for monitoring purpose only* then there is no need for including an actuator in the system. For 
example* lake the case of an ECO machine, It is designed to monitor the heart beat status afa patient 
artd it cannot impose a control over the patient's heart heat and its order. The sensors used here are the 
different electrode sets connected to the body of the patient. The variations are captured and presented 
to die user (may be a doctor) through a visual display or some printed chart 

2-3.1 Sensors 

A seritw in u transducer device that converts energ}-ftwn one form to another for aur measurement vr 
amirolpurpose. This i* what I “by-hearted" during tny engineering degree from the transducer* paper. 

II we look back to the “Smart 1 ’ running shoe example given ar the end of Chapter L we can identify 
that the sensor which measures the distance between the cushion and magnet in ihe smart running shoe 
is a magnetic hall effect sensor (Please refer back). 

2-3.2 Actuators 

Actual or is a form of transducer device (mechanical of electrical) which converts signals tn correspond- 
mg physical action (morion). Actuator acts as an output dei ice 

Looking back to the ' Smart ’ running shoe example gri at at the end of Chapter L we can see that the 
actuator used for adjusting the position of the cushioning element is a micro stepper motor (Please refer 
back). 

2.3.3 The I/O Subsystem 

The I/O subsystem ol the embedded system facilitates the interaction of the embedded system with the 
external world. As mentioned earlier the interaction happens through the sensors and actuators connect¬ 
ed to ihe inpiti and mil put ports respectively of the embedded system. The sensors may not be directly 
interfaced io ihe input ports, instead they may be interfaced through signal conditioning and translating 
systems like ADC, oplocouplcrs* etc. This section it lust rates some of die sensors and actuators used in 
embedded systems ond the I O systems to facilitate the interaction of embedded systems w ith external 
world 
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2 3,3 1 Light Emitting Diode (LED) Light Emitting Diode |LFD} is an important output device 
for visual indication in any embedded system. LED can be used as an indicator for the status of various 
signal* (si filiations Typical examples arc indicating ihe presence of power conditions like 'Device 
ON', 4 Bui I cry low’ur'l barring of hall ery Tor a battery operated handheld 
embedded devices, 

Light Emitting Diode is a p-n junction diode (Refer Analog Ekeiron- 
k - fundamentals lo re Ire-ill your memory for p-n junction diode '" l and it 
contains an uiuxfc and a cathode For proper functioning of the LED. the 
anode of H si me lit he a miccied tu +ve terminal of the supply voltage and 
ca ill ode to the v e i erm ini I of supply voltage- The current Rowing throng h 
the i i f ) mii.u be limited to a value below the maximum current that it can 
conduct. A resistor is used in series between the power supply and die LED 
to limit the current through the Llil) The ideal LED interfacing circuit is 
shown in Fig. 2 .13 

LLI >s can I . interlaced i a the port pin of a pcoce&sor/comiol kr in two ways. lit the first method, die 
jiiukL- is directly connected to the port pin and (he port pin drives ihc LED. in (his approach llie purl pm 
'sources' current to the LED when the port pin is ai logic High (Logic T). In the second method, the 
cathode c l the Ll D is connected lo the port pin of the processor-controller and the anode lo the sup¬ 
ply Vo huge through -i current limiting resistor. The LED is lurried on when Ihe port pin is at logic Low 
1 3 ugie 'd' j I ere die port pin ‘sinks 1 current. If die LED is directly connected lo die port pin. depending 
mi the tn a vim urn current that a port pin can source, the brightness of LED ma;-, not be to die required 

level. In the second approach, the current is directly viuirccd by lb«? pfltter supply pfld |ht prtft pin 

as the sink for current. Here we will gel the required brightness for the LED. 
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(Fig. 0.13] LED indiiticljig 





2.3.3.2 7-Segment LED Display the 7-segmcnl 
LED display is an oulpul device lor displaying alpha 
numeric characters. It contains R fight-emitting diode 
(LED I segments arranged in a special form. Gui of the 8 

LED segments. 7 arc used for displaying alpha numeric 
characters and 1 is used for representing ^decimal point - 
in decimal mi ruber display, figure 2.14 explains die ar¬ 
rangement of LED segments in a 7-segment LED dispby, 

The LED segments are named A lo U and the deci¬ 
mal pom I LED segment is named as DP. The LED seg¬ 
ments A to O and DP should he lit accordingly tn display 
numbers and characters. For example, for displaying the 
number 4 T the segments F, G, D and C arc lit. For dis¬ 
playing 3, ihc segments A. B. C. D. G and DP are lit. For 

display ing the character *dk the segments B, C, D, E and G are til. All these LED segments need to 
he connected lo one port of the processor 'controller for displaying alpha numeric digits. The 7-scgtnent 
LED displays are available in two different configurations* namely: Common Anode and Common 
Cathtxfe. In ihe common anode configuration, the anodes of the & segments are connected commonly 
whemns in the common cathode configuration, the 8 LED segments share a common cathode line. 
Figure 2.15 illustrates the Common Anode and Cailiodc configurations 

Based on ihc configuration oftlic 7-segment LED unit, the LED segment's anode or cathode is con¬ 
nected to the port of ihc processor controller in the order + A - segment to the least significant port pin and 
DP segment to the most significanl port pin. 


[Fht- 8-H] TJ«ffrn«nl LFD PtipUy 
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Common Cathode I FP Display 

Comma d Usds And uth^do codlgariliDm of a. l-ugnunt 8J3) Display 


The current flow through each of the LED segments should he limited lo the maximum value sup¬ 
ported by the LED dispby unit. The typical v alue for the current falls within the ranee of 20mA. The 
current through each segment can be I muted by connecting a current limiting resistor to ihe anode or 
ealhode oTeach segment. The value for the current limiting resistors can be calculated using the curretu 
value from the electrical parameter listing of the LED display. 

For common cathode configurations, the anode of each LED segment is connected to the port pins of 
the purl to u hieh the dis-pkiy is interfaced The anode of the common anode LED display is connected lo 
the 5Y supply voltage through a current limiting resistor and the cathode of each LED segment is con¬ 
nected to the respective port pin lines. For an LED segment to lit in the Common anode LED configura¬ 
tion, the port pin to which the cathode of ihe LED segment is 
connected should be set al logic (J. 

7-scgmenl LED display U a popular choice for low cost 
embedded applications like. Public telephone call monitoring 
devices, point of sale Terminals, etc. 

2.3.3.3 Optocoupler Optocoupler is a solid state device 
to isolate (wo parts of a circuit, Optocoupler combines an LED 
and a photo-transistor in u single housing (package). Figure 
2.16 illustrates ihc functioning of an optocoupler device. 

In electronic circuits, an optocoupler is used for suppressing interference in data communication, 
circuit isolation, high voltage separation, simultaneous separation and signal intensification, etc. 
Oplocouplcis can be used in cither input circuits or in oulpul circuits. Figure 2 17 illustrates the usage 
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of optocoupler in input circuit and output circuit of an embedded system w ith a microcontroller as the 

svstcmr core. 

¥ 

Opiocouplcr is available as TCs from different semiconductor manufacturers The MCT2M 1C from 
Fairchild semiccmductor ( http: f/w tvw.fairchiJdscinl.cmti ; i is an example for optocoupler JC 

£.3.3.4 Stepper Motor A stepper motor is an electro-mechanical device which generates discrete 
displacement (motion) in response to dr electrical signals. It djfleni from the normal tic motor in its 
operation. The dc motor produces continuous rotation cm applying dc voltage whereas a stepper motor 
produces discrete rotation in response to the de voltage applied to it. Stepper motors are widely used in 
industrial embedded applications, consumer electronic products and robotics control systems. The paper 
feed mechanism of a primer fax makes use of stepper motors for its functioning 

Based on the coil winding arrangements* a two-phase stepper motor is classified into two. They arc: 
L Unipolar 
2, Bipolar 

J- Unipolar A unipolar stepper motor contains two windings per 
phase. The direction of rotation (clockwise or anticlockw ise) of a 
stepper motor is controlled by changing the direction of current 
flow. Current in one direction (lows through one coil and in the op¬ 
posite direction flows through the other coil. It is easy to shift the 
direction of rotation by just switching the terminals to which the 
coils are connected Figure 2 18 illustrates the working of a two- 
phase unipolar stepper motor. 

Tilt' etiita lire represented iih A, 13, C iiml D. Coils A mul C curry 
current in opposite directions for phase I (only one of them will be 
carrying current at a time). Similarly, B and D carry current in opposite directions for phase 1 (only one 
of them will be carrying current at a time). 

2. Bipolar A bipolar stepper motor contains single wj tiding per phase. For reversing the motor rota¬ 
tion the current flow r through the windings is reversed dynamically. It requires complex circuitry for 
current flow reversal. The stator winding details for a two phase unipolar stepper motor is shown in 
Fig, 2 . 19 , 

The stepping of stepper motor can be implemented in different ways by changing the sequence of ac¬ 
tivation of the stator windings. The different stepping inodes supported by stepper motor are explained 
below, 

Ftill Step In the full step mode both die phases ore energised simultaneously. The coils A, B, C and Ft 
arc energised in the following order 
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St should be noted that out of the two w i rulings, only one winding of a pilose ts energised at j time. 
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i^Firj 2 . ] Bj Sis!ax Winding dotalti (si * 2 Phm unipolar itoppcr molci 

Wave Step In the vs avc ^tep motic only one phase is energised at a lime and each coils of the phase is 
energised alternatively. The coils A, B„ C and D are energised in the following order 
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Half Step It uses the combination of wave and full step. It has the highest torque and stability. The 
coil energising sequence for half step i* given below, 
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The million of the stepper motor can be reversed by reversing (he order in which the coil is 
energised 

Two-phase unipolar stepper motors are (he popular choice tor embedded applications. The current 
requirement for stepper motor is little high and hence the port pins of 3 microcontroller processor may 
not be able io drrie them directly. Also the supply voltage required (0 operate stepper motor varies 
normally Lit ihc range 5V to 24 V. Depending on the current and voltage requirements, special driving 
circuits are required m interface (he stepper motor with micmconirolIcr,'processors. Commercial off- 
the-shelf step pet motor drivet lCs arc available in the market and they can be directly interfaced to the 
mi ihkoiiI roller port. ULN2K0 ' is an octal peripheral driver army available from ON semiconductors 
and SI microelectronics tor driving a 5Y stepper motor Simple driving circuit can also be built using 
transistors. 

Flic following circuit diagram (Fig, 220) illustrates the interfacing of a stepper motor through a 
driver circuit connected, to the port pins of a microcontroller,''processor, 



f Flfl. Z.ZOj liilarficlnf of iteppr molar ituoagb driver circuit 


2.3.3.S Relay Relay is an electro-mechanical device. In embedded application, (he ‘Relay’ unit acts 
as dynamic path selectors for signals and power. The 'Relay' unit contains a relay coil made up of in¬ 
sulated wire on a metal core and a met id .immune with one or more eon tec is. 

*Relay T worits on electromagnetic principle. When a voltage is applied to the relay coil, current Flows 
through the coil, which in turn generates a magnetic field. The magnetic field attracts the armature core 
and moves die contact point. The movement of the contact point changes the power'signal flow path. 
'Relays' are available in different configurations Figure 2.21 given below illustrates I he widely used 
relay configurations lor embedded applications. 



Sirvctc pule single 
throw nunnalJy 
npen 



Single pole single Single pole double 
(Jirow normally throw 

closed 


1 Fi« 2 21 R*l*y ccmflgwaHaas 
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The Single Pole Single Throw configuration has only one path for information flow. The path is 
either open or closed in normal condition. For normally Open Single Pole Single Throw relay, the cir¬ 
ca it is normally open and it becomes closed when (be relay is energised. For normally closed Single 
Pole Single Throw configuration, the circuit is normally closed and it becomes open when, the relay is 
energised. For Single Pole Double Throw Relay, there are tw o paths for information flow and they are 
selected by energising or dc-energlsing the relay. 

The Relay is normally controlled using a relay driver circuit connected to the port pio of the proces¬ 
sor controller. A transistor is used for building the relay driver circuit. Figure 2.22 illustrates the same. 



(rig. 2.£2f Ttfc^ltofb&MdRator driving ciivail 

A free-wheeling diode is used for free-wheeling (he voltage produced in the opposite direction 
when the relay coil is dc-cucrgiscd. The lice wheeling diode is essential tor protecting the relay and the 
transistor. 

Most of the industrial relays are bulky and requires high voltage to operate. Special relays called 
*R«d‘ relays are available for embedded application requiring swinging of low voltage DC signals. 

2.3.3.8 Piezo Buzzer Piezo buzzer is a piezoelectric device for generating audio indications in em¬ 
bedded application. A piezoelectric buzzer contains a piezoelectric diaphragm which produces audible 
sound ia response to live voltage applied 10 it. Piezoelectric buzzers are available in two types. ‘Self- 
driving and ‘External driving 1 . The ‘Self-driving 1 circuit contains all the necessary components to gen¬ 
erate sound at a predefined tone. It will generate a tone on applying the voltage. External driving piezo 
buz/cr> mi pintos the generation ol differ cm (ones, The tunc can he varied by applying a variable pulse 
train to the piezoelectric buzzer. A piezo buzzer can be directly interlaced to the port pin of die proces¬ 
sor control. Depending on the driving current requirements, the piezo buzzer can also be interfaced 
using a transistor based driver circuit as in the case nf a Relay" 

2,3.3.7 Push Button Switch It is an input device Push button switch comes in two configurations* 
namely ‘Push to Make 1 and ‘Push lo Break’. In die Tush to Make'configuration. Ihe switch is normally 
in the open slate and it makes a circuit contact when it is pushed or pressed In (he Tush to Break" con¬ 
figuration, 1 lie switch is normally in the closed slate and it breaks the circuit contact when it is pushed 
or pressed, The push button stays in the 'closed' \ For Push to Make type) or 'open L (For Push to Break 
type) state n.e long as it is kept in ibe pushed state and it breaks, makes the circuit connection when it 
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rs released. Push burton is used Tor generating u etio- 
meniary pulse. In embedded application push button 
is generally used as reset and start switch and pulse 
generator The Push button is normally connected to 
llie port pin of the hosl processor controller. Depend¬ 
ing on the way in which the push burton interfaced to 
the controller, it can generate either a ‘13 Kill' pulse or 
a "LOW‘ pubc. Figure 2.23 illustrates how the push 
button can be used for generating ‘LOW - and ’HIGH 1 
pulses. 



VCtf 



I P:q. 2.i3| Puih SuHsd nwitch c»nTiguu!t«i 


2 r 3<3<8 Keyboard Keyboard is an input device ‘LOW Pulse generator 'HIGH* Puke generaur 
far user interfacing If the number of keys required 
is very limited, push, burton switches can be used and 
they can be directly inter raced to the pori pins for 
reading. However, there may be situations demanding a targe number of keys for user input (e g PDA 
device with alpha-numeric keypad for user data entry). In such situations il may not be possible lo inter* 
face each keys tu a port pin due lo die limitation in the number of general purpose port pins available for 
Iiie processor-can Lrnller in use otld moreover it is wastage of pun pins Matrix keyboard is an optimum 
solution for handling large key requirement It greally reduces the number of interface connections. For 
example, for interfacing 16 keys, in the direct interfacing technique 16 poll pins are required, whereas in 
the matrix keyboard only 8 lines arc required The 36 keys are arranged in a 4 column - 4 Row matrix* 
figure 2.24 rtlusirates the connection of keys in a matrix keyboard. 

In a matrix keyboard, the keys are arranged in matrix fashion [i.c. they are connected in a row and 
column style) For delecting a kqv press, the keyboard uses the scanning technique, where each row of 
the matrix is pulled low anti the columns tue read. After reading tire status of each columns correspond¬ 
ing to a row. the row is pulled high and the next row is pulled low and the status Ol the columns are read, 
Tliis process is repealed until the scanning for all raws are completed. When a row is pulled low and if 
a key connected to the raw is pressed, reading the column, to which the key is connected will give logic 
d. Since keys are mechanical dev ices, there ii p possibility for denounce issues, which tuny give mul¬ 
tiple key press effect for ;i single key press. To prevent this, a proper key de-bouncing technique should 
be applied Hardware key de-bouncer circuits and software key de-bounce techniques are the key' de¬ 
bouncing techniques available. 71 ic so flu arc key do-bouncing technique doesn't require any additional 
hardwire and is easy io implement In the so0ware de-bouncing technique, on delecting a key-press, 
the key is read again after a de-bounce delay. If die key press is a genuine one, the state of die key will 
remain as "pressed 1 on the second read also. Pull-up resistors ore connected in the column lines to limit 
the current that flows to the Row' line on a key press, 


2 3.3,9 Programmable Peripheral interface (PPI) Programmable Peripheral Interface (PPI) 
devices are used lor extending the I O capabilities of processors controllers Most of "lie processors/ 
controllers provide very limited number of I Q and doca pons and at times it may require more number 
of I/O ports Ilian the one supported by the contraller/pruccsw, A programmable peripheral itiierfacc 
device expands the I/O capabilities of the processor controller. &255A is a popular PI 1 1 device for kbit 
pi oecssara. controllers. H2SS.I supports 24 1 C) pins arid these I/O pins can be grouped us either ihree 
8-hil parallel ports (Purl A. Port B and PorL C] or luo kbit parallel ports | Pori A arid Port B) with Port C 
in any one of the following configurations: 
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Fig, 3-34] Mill lx krybmrd Interfacing 


9. As 8 individual I O pins 

2. Two 4bji ports namely Port (C r | and Port C LOWOt (C L ) 

This is configured bv manipulating ihe control register ot*S255A. The conlrol register holds the ton- 
figuration fur Port A, Port 13 and Port C. Hie bii deLails of control register is given below: 


D7 

m 

05 

1M 

Pd 

D2 

PI 

DO ■ 


The table given below explain* ihc mennin^ and u*e «f each bii 


Hit Orsrripliiin 

DO Port C Lower (C L ) 1 i) mode selector 

DO l; Sets t\ as infill pon 
DO = 0: Sets C | .is output port 

D1 Pun Q I O mode sdiicior 

D1 - 1; Sets pon R as input pon 
1>I - 0; Ket-t pon H us output port 
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O, 

P2 Mode selector for port C lower arid purl B 

D2 = li; Mode (l - fan B functions us Kbit I/O Pun. Pent C low a functions as 4 bit pan, 

D2 1: Made I Handshake mode Pori B Uses 3 Mis ■■! lMrl t us handshake rignnh 

J >5 Pon * ’ Upper (f ’. \ I O mode selector 

D3 = 1; Sets C TJ as input port 
03 t): Sets C'u as ouipui pun 

D4 Pun A IO mode selector 

04 1: Sets Pun A as input pen t 

04 ti; Sets Port A as output port 

OS Dfi Mini e sc ICC u *r for port L ’ uppe r m d ] u in A 

Db 05 Oti; Model) Simple I/O mode 
D6 05 - 01: Mode I - Handshake mode, Port A uses 3 bits of 

Pouf as handshake signals 

06 05 IX. Male 2. X can be 0 nr I Pun A functions as hidi national pvit 

D _ Control Data mode selector for port C 

07 - Ul'Omdfe. 

t>7 ■! 0; Bit sei reset i B5R) mode, functions as the control/status lines for putts A ami B. 
The bits of port C can be set or reset just as if they were output ports. 

Please refer to the itf25.ll datasheet available at htt p:7/www.intersilconVdnta/rnTn2%9 pdf for more 
details about the different operating modes of &255. 

Figure 2.25 illustrates the generic interfacing of a 53554 device with an Shit processor controller 
with lAbil address bus [Lower order Address bus is multiplexed w iili data bus). 



,[ Fig. 2-25 Interfacing «f 8255 with in f bit miczotentrollcr 


The ports of 5255 can tie configured for diffcrenl modes of operation by the processor‘controller 
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2.4 COMMUNICATION INTERFACE 

Coinmunicatton interface is essential for communicating with various subsystems of the embedded 
system and with the external world. E ar an embedded product, the communication interface cun be 
viewed in two different perspectives; namely; Device, board level communication interface (Onboard 
t oiturnimealion Interface) and Product level cutmnunie&tion interface {External Communication Inter’ 
fucel. Embedded product h a combination of different types of components (chips devices) arranged on 
u printed circuit boa id (PCB ] flic communication channel w hich interconnects the various component? 
within an embedded product is referred as dcvicc/board level communication interface (onboard com*- 
murticalioh interface). Serial interfaces like I2C, SPL UART, l-Wire T ele and parallel bus interface arc 
examples of ‘Onboard Communication Interface*. 

Some cm bedded systems are self-cufitniiicd inti is and they don't require any Interaction and data 
tran>tei with other sub’sysiems or external world. On the other hand, certain embedded .sy stems may be 
a part of a large distributed sy stem and they require interaction and datu transfer between various devic¬ 
es and sub-modote The ‘Product level communication interface* (External Communication Interlace) 
h responsible for data iranxter between ihe embedded sy stem and other devices or modules. The exter¬ 
nal com mini ienl ion interface can be cither u wired media or u wireless media and it can be ,i serial or a 
parallel interface. Infrared (IR), Bluetooth <IJT) t Wireless LAN (Wi-Fi), Radio Frequency waves (RF). 
GPRS, etc, arc examples for wireless communication interface. RS*232L V R5*422.'R5*4K5. USB. Elh- 
eniet IEEE 1394 port. Parallel port, CF4! interface. SDIO, PCMCIA, etc. are examples for wired inter* 
Ihees. It is not mandatory thai an embedded system should contain an external cummunteitiioti interface 
Mobile communication equipment is an example for embedded system with external communi cation 
interface, 

’Ibe following section gives you an overview of the various 'Onboard 1 and 'External' eunvnuniea- 
tion interfaces for an embedded product. Wc will discuss about the various physical interface, firmware 
requirements and initialisation and communication sequence for these interfaces in a dedicated book 
Idled *£teviVe hitafui'tug, which is planned under this series. 

2.4.1 Onboard Communication Interfaces 

Onboard Communication Interface refers lo ihe differenl communication channels'buses for i mere no¬ 
nce ting ibc various integrated circuits and other peripherals within the embedded system. The following 
section gives m overview of the various interfaces for onboard communication. 

2.4.1.1 Inter Integrated Circuit (12C) Bus The Inter integrated Circuit Bus n2C-Pronounced 
’I square C‘) is t\ jiyiwbromuu. bi-directional hidf duplex (onc-direct iiwuil communication m ;i given 
point of time) rwo wire serial interface bus. The concept of I2C bus was developed by "Philips semi¬ 
conductors' in the early ItiSOs, The original intention of I2C was io pros ide an easy way of connection 
between a microproi^ssor/microconiroller system and the peripheral ehiptf in television sets. The IH 
bus comprise of iwo bus lines, namely: Serial Clock* SCL nnd Serial Data SDA. SCL line is respon¬ 
sible for generating synchronisation clock pulses and SDA is responsible lor transmitting the serial date 
across devices, 12C bus is a shared bus system to which many number ofl2C dev ices can be connected. 
Devices connected to the I2C bus can ael as either 'Master' device or ‘Slave’ device, I fie ‘Master’ 
device is responsible fur coni rolling the communication by initiating icmiitutting dm a rnimfcr, sending 
data and generating necessary synchronisation clock pulses. 'Slave 1 devices wail for the commands 
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from (he master and respond upon receiving the commands. ‘Master" and ‘Slave 1 devices can aei ns 
either transmitter or receiver. Regardless whether a master is acting as transmitter or receiver, the syn¬ 
chronisation dock irignat is generated by the "Master 1 device only I2(_ supports multi masters on the 
mine bus. The fo]lowing bus interface diagram shown in Fig, 2,26 illustrates the connection of master 
and slave devices on the 12C bus. 




V 


(1C bus 

[rig, a. aa) 11 c Eh»i- 

The 12C bus interface is built around an input buffer and an open drain or collector transistor, When 
the bus is in the idle stale, the open drain/co]lector transistor will he in the floating state and the output 
lines (SD A and SCL) switch to the 'High Impedance' state, For proper operation of the bus, both the bus 
lines should be pulled to the supply voltage (+5V lor T I L family and +3.JV for CMOS family devices) 
using pull-up resistors- The typical value of resistors used in pull-up is 2.2K. With pull-up resistors, the 
output lines of the bus in the idle state will be ‘HIGH*, 

The address of a 12C device is assigned by hardwiring the address lines of the device lo the desired 
logic level The address to various 12C devices in an embedded device is assigned and hardwired at the 
time of designing the embedded hardware The sequence of operations for communicating with an I2C 
slave device is Listed below: 

L The master device pulls the dock line (SCL) of the bus to ‘HIGH - 

2, The master device pulls the data line (SDA) 4 (jOW\ when the SCL line is at logic ‘HIGHT (This 
h the ‘Start 1 condition for data transfer) 

3, The master device sends the address (7 bit or 10 bil wide) of the "slave 1 device to which it wants 
to communicate, over the SDA line, Clock pulses are generated at die SCL hue for synchronising 
the bit reception by the slave device. The MSB of the data is always transmitted first. The data in 
the bus is valid during the 'HIGH 4 period of the clock signal 
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4. The masterdv\ tee sends the Read or W rile bit (Bit value = J Read opcraiioru Bit value l) Write 
oper.itiuu 1 according to (he requirement 

5. fhc master d£A tee waits for the acknow lodgement bit from the slave du\ iee whose address is sent 
on the bus along wiih the Read "Write operation corn maud, Slave devices connected lo she bus 
compares ihe address received with the address assigned to them 

6. The slave deuce with the address requested by ihe master device responds by sending an ac¬ 
knowledge hii (Bn value = 1 I over the SDA line 

7. Upon receiving ihe acknowledge hu, the Master device sends the Kbit dam to Mie slave dev ice over 
SDA line, if the requested operation is ‘Write to device 4 . If the requested operation is 'Read from 
dev ice*, the slave device sends data to Ihe master over ihe SlM fine 

8. The master device waits for the acknowledgement bit from the dev tee upon byte transfer complete 
for a write operation and sends an acknowledge hit to ihe Slave device for a read operation 

9. The master dcvkc terminates the transfer by putting the SDA line ‘HIGH' when ihe clock line 
SCL is in logic 'HIGH 4 £ Indicating ihe 'STOP 1 condition) 

12C bus supports three different data rales. They are Standard mode (Data rale up to lOOJcbits see 
( 100 kbpsii, Fust mode (Data rale up lo dOOLNis see (4IXJ kbps)) and High speed mode (Data rate up to 
L4Mbit5/sec (3,4 Mbps)). The first generation I2C devices were designed io support data rates only tip 
lo 1 IHJkbps, The new generation I2C device arc designed to operate at Jjiu rates up to 3.4Mhil&riiCC, 


2 , 4.1.2 Seria I Periph eral Fn terface (SPF) Bus The Seria I Peri p h eral I hi erfuee Bus (SPI) is a syn¬ 
chronous bi-directional full duplex four-wire serial interface bus, Ibe concept of SPI was introduced by 
Motorola. SF] is a single master multi-slave system Ii is possible to have u system where more Hum one 
SPI device can he master, provided Ihe condition only one master device is active at any given point of 
time, is satisfied. SPI requires four signal lines for communication They arc: 


Muster Out Slave In (MGSI); 

Master In Slave Uul (MISO): 

Serial Clock (SCLK)t 
Stave Select (SS): 


Signal line earn ing the data from master lo slave device. It is 
;i ho known a* Slave Input Slave Dill a In (SlSDI) 

Signal line carrying the data from slave to muster device, It is 

also known ns Slave Output (SO/SDOi 

Signal line cany ing Ihe clock signals 

Signal line for slave device select. It is an active low signal 


The bus interface diagram shown in Fig. 2.27 illustrates the connexion of master and slave devices 
on ihe SPI bus, 

Fhc master device is responsible for genera ling the clock signal. It selects Ihe required slave device 
by asserting the corresponding slave device's slave select signal "LOW". Ibc data out line -i Ml SO) of all 

llu’ *t:ivc device* when nnl selected flmnls nl high impedance Onte 

The serial daia transmission through SPI bus is fully configurable, SH devices contain a certain set 
of registers for holding these configurations. The serin I peripheral control register holds the various con¬ 
figuration parameters like master's lave selection for Ihe device, buudrate selection for communication, 
clock signal control, cte. The status register holds ibc status or various conditions for iransmtssion and 
reception* 

SPI works on ihe principle of 'Shift Register’. The master and slave devices contain a special shill 
register for foe data lo transmit or receiv e. The size of die shill register is dev ice dependent. Normally 
ii is a multiple of S. During transmission from the master lo ■foive. the data in the master's shill register 
is shifted out to the MDSI pin and it enters the shift register of the slave device through the MOS1 pin 
of the slovc device. At the same time file shifted om data bil from fire slave device's shill register enters 
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SPJ bus 
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ihc shift register of the master device through MtSO pin In summing, ihc shift registers of’master' amt 
’slave' devices form a circuits buffer. For some devices, the decision on whether the LS. MS bit of data 
needs to be sent out first is configurable ihrough configuration register fe.g. LSBF bit of the SPJ control 
register for Molorolu's 68H03 controller). 

When compared to I2C SRI bus is most suitable for applications requiring transfer of data in ’streams', 
The only limitation is SP1 doesn't support an acknowledgement mechanism. 

2.4.1.3 Universal Asynchronous Receiver Transmitter (UART) Universal Asynchronous Re¬ 
ceiver Transmitter (UARTl based data transmission is im asynchronous form of serial data transmission- 
UART based serial data transmission doesn't require a dock signal to synchronise the transmitting end 
and receiving end for transmission. Instead it relics upon the pre-defmed agreement between the trans¬ 
mit ting device and receiving device. The serial communication settings {Baud rate, number of bits per 
byte, parity, number of start bits and slop bit and flow control) for both rransmiiier and receiver should 
be set as identical. The start and stop of communication is indicated through inserting special bits in die 
data stream. While sending a byte of data, a start bit is added first and a stop bit is added at the end of 
the bit stream. The least significant bit of the data byte follows the ’start' bit. 

The 'stmTbit informs the receiver that a data byte is about to arrive. The receiver device starts polling 
its ’receive line' as per the baudrate settings. If the baudraic is \x m hits per second, the lime slut available 
for one bit is I/jc seconds The receiver unit polls the receiver line at exactly half of the time slot avail¬ 
able for the bit If parity is enabled for communication, the UART of the transmitting device adds a par¬ 
ity bit (bit value is I for odd number of 1$ in the transmitted bsc stream and 0 for even number of Is). The 
UART of the receiving device calculates the parity of the bits received and compares it with the received 
parity bit for ertOif checking. The UART of the receiving device discards the 'Stan’, 'Stop’ and 'Parity' 
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bit from die received bit stream and converts 
the received serial hit data lo a word tin the 
case of 8 bits/hyte. the byte is formed with the 
received Kbit* with tlw first recched bit as the 
LSB and last received data bit as MSB). 

For proper eomrpuiiicaliop, the Transmit 
line' of the sending device should be con¬ 
nected to the 'Receive line’ of the receiving 
device, figure 2 28 illustrates the same. 

Ill addition lo the serial data transmission 
function. UART provides hardware handshak¬ 
ing signal support for controlling the serial 
■data dew. UART chips arc available from dif¬ 
ferent semiconductor manufacturers. National 
Semiconductor's 8250 UART chip is considered as the standard setting UART It was used in the origi¬ 
nal IBM PC, 

Nowadays most oTthe microprocessors controllers are available w ith integrated UART functionality 
and they provide built-in instruction support for serial data transmission and reception, 

8,4 J.4 l-Wife Interface 1-wire interface is an asynchronous half-duplex communication protocol 
developed by Maxim Dallas Semiconductor t btip: /www.maxim-ic.com i. It is also known as Dallas 
I-Wife® protocol, It makes use of only a single signal line (wire) called DQ for communication and 
follows the master-slave communication model. One of The key feature of I-wire bus is that it allows 
power to be sent along the signal wire as well. The I2C slave devices incorporate internal capacitor 
(typically of the order of800 pF) to power the dci tec from the signal tine. The 1-wire interface supports 
a single master and one or more slave devices on the bus The bus interface diagram shown in Fig. 2.29 
illustrates the connection of master and slave devices on the t-wire bus, 
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Every I-wire device contains 3 globally unique Mbit identification number sirred within il. This 
unique identification number can be used Ibr addressing individual devices present on the bus in case 
there arc multiple slave devices connected to the I-wire bun. The identifier has three pans: an sbn family 
code, a 4Sbil serial number and an Shit CRT computed from the first bits. TTte sequence of operation 
for communicating with a 1-wire slave device is fisted below. 

1, The master device sends a ‘Reset h pulse on the 1 -wire bus, 

The slave devices) present on the bus respond w ith a Presence' pulse 

The master device sends a ROM command (Net Address Command followed by the Mbit address 
t>F the device). Tit is addresses the slase device(s) to which it wants to initiate a communication. 
The mister device sends ll read, write function command 10 rcail/wrjtc the internal memory or 
register of the slave device. 

The master initiates a Read dalu/Wrile data from the dev ice or to (he device 
All communication over the I-wire bus is master initiated. The communication over the l-w r irc bus is 
divided into timeslots of 60 microseconds The Reset’ pulse occupies K lime slots, For starting a coni* 
municauore the ma.strr asserts the reset pulse hy pull mg the I-wire bus LU\V" for at least H time slots 
(TROtis). ITn ‘slave’ device is present on the bus and is ready for communication it should respond to the 
master with a ‘Presence' pulse, within fiflfis of the release of the Reset’ pulse by the uuisier The slave 
dcvicc(s) responds with a 'Presence’ pulse by pulling the J-wire bus 'LOW' for a niinmimn of l time 
slot Efitlp-s). For writing a hit value of I on the 1-wirc bus, the bus master pulls the bus for I It) 1 5pN and 
then releases the bus for the rest of The time slot. A bit value of *Q T is written on the bus by master pulling 
the bus fur a minimum of 1 time .slur (Mills) and j tnaximmn of 2 lime slots(120psf To Read a bit from 
the slave device, the master pulls the bus ‘LOW* for I to I5ps. If the slave wants to send a bit value *1* 
in response to the read request trom the master, u simply releases rhe bus tor die rest or ihe time slut. If 
the slave wants to send a bit value ‘O', it pulls the bus 'LOW' for the rest of the time slot. 


BAA.5 Parallel Interface 1 lie cm-hoard paral Id intcrfiio: is normally used for communicating with 
peripheral devices which are memory mapped to the host of the system, The host processor/controller 
oT the embedded system eon la ins a pans l lei bus and the device which supports parallel bus can directly 
connect to ibis bus system The communication through the parallel bus is controlled by the control sig¬ 
nal interlace between the device and the host. The ‘Control Signals’ for communication includes ’Read 
Write' signal and device select signal, The device normally contains a device select Hue and the device 
becomes active only when this line is asserted by tlte host processor. The direction of Uaia tmnsicr (\ lost 
tn Device or Device To Host) can bo controlled through the control signal lines for Read' and ‘Write’ 
Only the hosi processor has control over ihe ‘Read’ and 'Write’ control signals. The device is normally 
memory mapped to the host processor and a range of address is assigned to it. An uddre.'. decoder circuit 
is used for generating The chip select signal for the device. When tlte address selected by the processor 
is within the range assigned for the device, the decoder circuit activates the chip select line and thereby 
the device becomes active. The processor then can read or write trom or to the device by asserting tlic 
corresponding control line [RD^ and WR\ respectively). Strict timing characteristics arc followed for 
parallel communication. As mentioned eariier T parallel communication is host processor initiated. If a 
device wants 10 initiate the communication, it can inform the same to ihe processor through interrupts. 
For this, (he interrupt line of the device is connected to the interrupt line of the processor and rhe cor¬ 
responding interrupt is enabled in the host processor The width of the parallel interface is determined 
by the dam bus w idth of the host processor, ll can be 4bit, Kbit, IhbiL 32hit or Mbit etc. The bus width 
supported hy the device should he same as that of the host processor. The bus interface diagram shown 
in Fig. 2.30 illustrates the interlacing of devices through parallel interlace. 
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Parallel dam communication oilers the highest speed lor data transfer. 

2.4.2 External Communication Inter!ac e s 


The Externa] Communication Interface refers to the different communication channel s/buses used by 
the embedded system to communicate with the external world. The following section gives an overview 
of the various interfaces for external communication. 

2.4,2.1 RS-232 C & RSA8S RS-232 C (Recommended Standard number 232. revision C from (he 
Electronic Industry Association) is a legacy, lull duplex, wired, asynchronous serial communication 
interface. The RS-232 interface is developed by the Electronics Industries Association i LEA)during the 
early l%0s. RS-232 extends the HART communication signals for external dam communication. 

UART uses the .standard TTLTMOS logic (Logic High'corresponds to hit value 1 and l ogic low' 
corresponds to bit value 0) for bit tr ansmiss ion whereas RS-232 follows the LIA standard for bit trans¬ 
mission. As per the CIA .standard, a logic 0* is represented w ith vuliagc between + 3 and +25V and a 
logic *T is represented with voltage between -3 and -25V In ETA standard, logic tV is known as ‘Space' 
and logic *Tas ‘Mark*. The RS-232 interface defines various handshaking and control signals lor com¬ 
munication apart from the ‘Transmit’ and Receive' signal Sines for data communication, RS-232 sup¬ 
ports iwo JifTerchi lypn of curtncizlcrv. namely: Dll- 1 ): U-Pin connector cituJ PB- 25 : 25 -Pin connector 

Figure 2.31 illustrates the connector details for DR-9 and DB-25. 
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The pin details far the two cornice tors arc explained in die fa Mo win-: table: 


Hn Yu me 

Pie mil | Kipp Utl-V 
( unhttivr) 

Pin mi; {1 or DR-25 
! imtittturi 

iXvcripliiiU 

TXD 

1 

2 

Transiimt Pin fur Tmrumilltng Serial Data 

RXD 

j 

J 

Receive girt t Lit Receiving SctuJ Lbu 

KTS 

1 

4 

R«|LkC'l ICi ml 

CTS 

8 

5 

Clear fa Send 

DSH 

6 

ft 

Dal a S?[ Rrti!;- 

liMJ 

5 


Signal f.i round 

DCD 

1 

h 

I)j1ii( iix h i 3 liircei 

DTR 

A 

20 

DjI.i Tu i i sal Read) 

Rl 

9 

22 

Rin^i Indicator 

FG 

1 

Frame Gnmnd 

StW/Ll 


12 

Secondary DCD 

St IN 

13 

Secondary < IS 

STXD 


14 

Secondary TXD 

TC 

15 

Transmission Stznul LicEncnl limirij. 

SRXD 


16 

SdOnodai) RXD 

H( 

l? 

ll.'.-.'it Signal i Ilf i'll •' i.r rimir 

SKTS 

10 

Secondary K'l s 

sg 

71 

Signal Quality Jeicvlaf 

NC 


9 

NoCdnnnficn 

NC 

10 

No C omiccCion 

NC 


It 

No CiUlreclum 

NC 


tlJH 

No Connection 

NC 


25 

No Connection 

NC 

24 

No Connection 

NC 


25 

No Connection 


RS-232 is a point-to-point communication interface and the devices involved in RS-232 communka- 
lion are called ‘Data Terminal Equipment (DTE) 1 and ^Data Communication Equipment (DCE)\ Jf no 
data flow control is required, only TXD and RXD signal tines and ground line (GND) arc required for 
data transmission and reception. The RXD pin of OCR should be connected to ihe TXD pin of DTE and 
vice versa far proper data tnuismresiun. 

If hardware data Row control is required for serial transmission, various coni rot signal lines of the 
RS-232 connection are used appropriately. The control signals are implemented mainly for modem 
communication and some of them may not be irrelevant for other type of devices I he Request To Send 
(RTS) and Clear To Send fCTSl signals co-ordinate the communication between DTE and DCF. When¬ 
ever the DTE has a data io send, it activates the RTS tine and if the IX E is ready to accept the data, it 
activates the CTS line 


m 
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The Data Terminal Ready (DTR) signal is activated by DTE when it is ready to accept date. The Data 
Set Ready lDSRI is activated by DTE when it is ready for establishing a communication link. DTR 
should be in the activated state before the activation of DSR, 

Ihe Data Carrier Detect (DC. Dl control signal is used by the DC l" to indicate the DTE that a good 
signal is being received. 

king Indicator (fc! i is a modem specific signal hue for indicating an incoming call on the telephone 
line, 

I he 25 pin DH. connector contains two seis of signal lines for transmit, receive and control lines 
1 .owadays DB-25 connector is obsolete and most of the dcsklop systems arc available w ith DB-9 con¬ 
nectors only, 

As per the ET A standard RS-232 C supports baudrales up to 20Kbps (Upper limit I** 2 Kbpx) 1 he com¬ 
monly used baudraics by devices arc 300bps, 1200bps, 2d00bpss. %G0bp$, 11-52 Kbps and 19,2Kbps. 
9600 is i lie popular haudrale setting usui for FC comm unicut ion. The maxitmini operating distance sup¬ 
ported by RS-232 is 5t) fact at the highest supported baudratc. 

F m bedded devices contain a DART fat serial com nitui Scat ion and they generate signal levels con¬ 
forming to TTL CMOS logic. A level translator tC like MAX 232 from Maxim Dallas semiconductor 
is used for converting the signal lines from the UART to RS-232 signal lines far communication. On 
the receiving side the received data is converted back to digital logic level by 3 converter 1C. Converter 
chips con lam converters far both transmitter and receiver. 

Though RS-232 was the most popular communication interlace during the olden days, die advent of 
other com mu nicai ion techniques like RltieloolEi, USB. Firewire, etc are pushing down RS-232 from Ihe 
scenes. Still RS-232 is popular in certain legacy industrial applications. 

RS-232 supports only point-fa-point communication and not suitable for multi-drop communication 
It uses single ended data transfer technique for signal transmission and thereby more susceptible tu 
noise and it greatly reduces the operating distance. 

RS-J22 is another serial interface standard from El A far differential data communication. It supports 
data rates up fa 100Kbps and distance up to 400 ft The same RS-232 connector is used at the device 
end and an RS-232 to R5-422 converter is plugged in the transmission line. At the receiver end the 
con version from RS 422 to RS-232 is performed. RS-422 supports multi-drop communication iviih one 
iransmittcr device and receiver devices up to [0. 

RS-485 is the enhanced version of RS-422 and it supports multi-drop commtitiicnlion with jf> to 32 
transmitting devices (drivers) and 52 receiving devices oes the bus. The communication between devices 
in the bus uses the 'addressing 1 mechanism to identify slave devices 


2A+2.2 Serial Bus (USB) Universal Serial Bus (USB) is a wired high speed serial bos 

toi data conunumeiitioEi. The liol version of UlitJ {USDl.tM was icLcu&cd to 1 V 4 >5 und wui cicjied by 
die USD core group members consisting of Intel, Microsoft, IBM, Compaq, Digital and Northern Tele¬ 
com. The USB communication system fallows a star topology with a USB host at the centre and one 
or more USB peripheral ctcvkcs/L'SB hosts connected to it. A USB host can support connection. up to 
127, including slave peripheral devices and other USB hosts. Figure 2,32 illustrates (lie slur topology 
for USB device connection 


USB transmit.', daia in packet foittUiL Each data packet has a .standard format. The USB cominunicu- 
tion is a host initiated one. The USB host contains a ho si controller which is responsible far com roll mg 
ihe data communication, including establishing eon net l oily with USB slave devices, packed/mg and 
formatting ihe data. There arc different standards far implementing the USB Host Control interface’ 
namely Open Host Control Interface (OHO) and Universal I lust ( onirol Interface (UHCQ. 
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The physical connection between a USB peripheral de¬ 
vice and master device si established with a USB cable. 

The USB cable supports communication distance of up to 
5 metres. The USB standard uses two different types of 
connector at the ends of the USB cable for connecting the 
USB peripheral device and hirst device. 'Type A" connector 
is used for upstream connection (connection with host) and 
Type B connector is used for downstream connection (con¬ 
nection with slave dev kef Hie USB connector present in 
desktop PCs or laptop* are examples for "Type A 1 USB 
connector. Both Type A and Type B connectors contain 4 
puts for conunuaicuiioiL The Pin details for the connectors 
art listed in the table given below. 

Pin not Pin name IU*vn'il|Hinii 

1 v ntis Came* power (SV| 

I D- Diftgftntial iLtlEi canitr line 

3 t>+ Differential dam carrier Emc 

4 QMD (Jh uiilL ^ 1 1_'ii.r I Like 

USB Uses differential signals for data trnisrnissipn. It 
improves the noise immunity USB interface has the ability to supply power to the connecting devices. 
Two connection lines [Ground and Power) of the USB interface arc dedicated ['or carry ing power. It can 
supply power up to 500 mA at 5 V. It is sufficient to operate low power devices. Mini and Micro USB 
connectors are available for small form factor devices like portable media players. 

Each USB device contains a Product ID (PID) and a Vendor ID (VID). The PID and V1D are embed¬ 
ded into the USB chip by the USB device manufacturer. The VID for a device is supplied by the USB 
standards forum. PID and VID are essential for loading the driver* corresponding to a USB device for 
communication. 

USB supports lour different types of data transfers, namely; Control. Bulk. Isochronous and Inter¬ 
rupt. Control transfer is used by USB system software to query. configure and issue commands to the 
USB device Bulk transfer is used for sending a block of data to a device. Bulk transfer supports error 
checking and correct ion. Transferring dnta to a primer is an example for bulk transfer. Isochronous data 
transfer is used for real-time data communication. In Isochronous transfer, data is transmitted a* streams 
in real-time. Isochronous transfer doesn't support error checking and re-transmission of data m ease of 
any transmission loss. All streaming devices like audio devices and medical equipment for data collec¬ 
tion make use of the isochronous transfer, Interrupt transfer is used for transferring small amount of 
data. Interrupt transfer mechanism makes use of polling technique to sec whether the USB device has 
any daLa to send. The frequency of palling is determined by ihe USB device and it varies from I to 255 
milliseconds Devices like Mouse and Keyboard, which transmits fewer amounts of data, uses Interrupt 
irons fen 

USB.ORG ( m ill ifejilgi is ihe standards bod> for defining and comiollmg die standards lor USB 
communication. Presently L'SB supports tour different data rales namely; tow Speed (1.5Mbps). Full 
Speed (12Mbps), High Speed (480Mbps) and Super Speed (4.8Gbps), The Low Speed and Full Speed 
specifications arc defined by USB l ,0 and the High S[*eed specification is defined hy USB 2 r 0 USB 3 0 



Peripheral 
device 2 



Peripheral USB host Peripheral 
device l (Hub) device 3 



device 4 device 5 

[Fig, B.3£j USB Italic* Coajuctian tops lorry 
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defines the specifications for Super Speed. L'SB 3.0 is expected to be in action hy year ZOO 1 ). I here is a 
move happening towards wireless USB lor data transmission using Ultra Witte Band |UWU) icchnul- 
ogy, Some laptops are already available in the market with w ireless USB support, 

2A.2.3 IEEE 1394 (Firewire) IEEE 1394 is a wired, isochronous high speed serial cuminunica- 
tiun bus. It is also known as High Performance Sena! Bn* (HPSBj The research on 1304 was started 
by Apple Inc. in 1085 and the standard. Ibr this wax coined by IEEE. The implemcaadior, ol it i> aual- 
able from various players with diiTcrcn: names. Apple Ire s fw w w.app1e.com ) implementation of 1394 
protocol is popularly known as Firewire. i.Ll.\k is the 1394 implementation from Sony Corporal ion 
f www.sonv. nc 11 and Lynx is the implementation from Texas Instruments tww w.ti.com) 1394 Mip ports 
peer-to-peer connexion and point-to-mul(ipoint communication allowing f>3 devices to be connected 
on the bus in a tree topology. 1394 is a wired serial interface and it can support a cable length of up to 
15 feel for interconnection. 

The 1)94 standard has evolved a lot from the first version IEEE 1)94 (99) released in I 1 * 1 )? to the 
recent version IEEE 1394-200$ released in June 20O&. The 1394 standard supports a data rale of 400 
to ’OlOMh.K second The IEEE i f 94 uses diH'crvnlial dal a transfer i I 'be information is sent using dll'* 
I'creniiat signals through a pair of twisted cables. It increases ihe noise immunity) and the interface cable 
supports 3 types of connectors, namely; 4-pin connector, fi-pin connector (alpha connector) and 9 pin 
connector ibeta connector). The 6 and 9 pin connectors carry power also to support external devices 
(in case an embedded device is connected to a PC through an IEEE 1394 cable with 6 or 9 pin connec¬ 
tor interface, it can operate from the power available through the connector.) It can supply unregulated 
power in the range of 24 to 30V. (The Apple imp lc mental ion is for battery operated devices and it can 
supply a voltage in the range 9 to 12V.) The table given below illustrates the pin details for 4. 6 and 9 
pin connectors 


Pin mnui 

E k iii mu H Fin 

Pin me (h Pin 

Pill nn Pin 

Ucwrlpilon 


C nitnrctur) 

Coutcter) 

C. iiiLi],.h.[un 


Feu cr 


1 

s 

l rrci’nl m«l I *■ supply. 24 it Hl\ 

Signal Gniuntl 


2 

b 

Ground connection 

ipr- 

1 

3 

1 

BiETercntml Signal fine tor Signal line 11 

TPB+ 

2 

a 


1 liHereniial Sipwallhe i i Si-mal Iiwl. 1 B 

TPA- 

3 

i 

J 

DitTcicnluil Sigrkil tine for Siarud line A 

TPA - 

4 

b 

4 

[tirTcrvnlul Sign i) line for Signal line \ 

[PAISl 



$ 

Shield 3or die differential signal line 
Normal Is grounded 

f PEWS) 



9 

Shield for llw differential signal itne 
Normal l;. grounded 

NC 



TP 

NV connect ion 


There are two dil Terentiy I data transfer lines A and 13 per connector. In a 1394 cable, normally die dif¬ 
ferential lines of A are connected to R (TP A - to TPB r and TPA-lo TPR -) and vice versa. 

1)94 is a popular communication interface for connecting embedded devices tike Digital Camera. 
Camcorder, Scanners lo desktop computers fur data transfer and storage. 

Unlike USB interlace (Except USB GTG), IEEE 1394 doesn’t require a hosi for communicating 
between device*. For example, you can directly conned a scanner with a printer fbr priming, Hie data- 
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rale supported by 1394 is fur higher than the one supported by VSB2J) interface. The 1394 hardware 
implementation is mudi cosiher bun USB implementation. 

2.4.2A Infrared (IrDA) Infrared (IrDA) is a. serial, half duplex, line- of sight based wireless tech¬ 
nology for data comtminicatioiv hciwwn devices r It is in me from the olden days of communication 
nod you may be very familiar with it The remote control of your TV* VCD player* etc. works on In¬ 
frared vLjlh communication principle. Infrared communication technique us^rs infrared waves, of the 
electromagnetic spectrum lor transmitting the data. IrDA supports point-point and pomt-uvmultipoint 
communication, provided ill devit vs involved in the communication arc within the line oFsighl. The 
typical communication range for Jrl)A lies in the range 10 cm to 1 m. The range can be increased by 
increasing l he transmitting power the IR device. IR supports data rates ranging from 9600bils'second 
in InVlhps. Depending on the speed of data imnsmission Ik is elassiticd into Serial IK (SIR). Medium 
IR tMIR|, Fast [R (FIR), Very Fast IR (VFIR) and Ultra Fast IR fUFIR). SIR supports transmission 
rates ranging from 9000bps to 1152kbps. MIR supports data rules of 0.576Mbps and 1,152Mbps. FIR 
supports data rates up to 4Mhps, VI IR is designed to support high data rates up to 16Mbps. The LFIR 
specs arc under development and it is targeting a data rate up to 100Mbps. 

IrDA communication involves a transmitter unit for transmitting the data over IR and a receiver 
lor receding the data Infrared Light Entitling Diode (LED) is the IR source for transmitter and at the 
receiving end n phoiodit dc nets as live receive? IV-di transmitter and receiver unit will be present in 
each device supporting IrDA communication for bid tree lion a 1 data transfer. Such IR units are known as 
“Transceiver". Certain devices like a TV remote control always require unidirectional communication 
,-ind so ihey contain either the transmit ter or receiver unit {The remote conlrol unit contain* ihc transmit¬ 
ter unit and TV contains the receiver unit). 

'Infra-red Data Association’ (IrDA - hlip:/Amw.irda.org/ 1 is the regulatory body responsible lor de¬ 
fining and licensing the specifications for IR dun communication. IrDA communication has two es¬ 
sential parts: o physical link pari and a protocol part. The physical link is responsible for the physical 
transmission of data between devices supporting IR communication and protocol pan i> responsible 
for defining file rules of communication. The physical link works on the wireless principle making use 
of Infrared for communication. The IrDA specifications include the standard for both physical link and 
protocol layer. 

The IrDA control protocol contains implementations for Physical Layer (PHY)* Media Access Con¬ 
trol t MAC) and Logical Link Control (LLQ The Physical Layer defines the physical characteristics of 
com n hi meat ion li ke range, data rales, power, eic. 

IrPA is a popular interface for file exchange and data transfer in low cost devices. ErDA was the 
prominent communication channel in mobile phones before Bluetooth's existence. Even now must of 
the mobile phone devices support IrDA. 

2A.2.S Bluetooth (BT) Bluetooth is a low cost, low power, short range wireless technology fur data 
and voice communication. Bluetooth was first proposed by Ericsson' in 1994, Bluetooth operates at 
2.4GHz of the Radio Frequency spectrum and uses the Frequency Hopping Spread Spectrum (FHSS) 
technique for communication. Literally it supports a data rate of up to I Mbps and a range of approxi¬ 
mately TO feet for data communication. Like IrDA, Bluetooth communication also has two essential 
party :i playwill link part and .i protocol p:irt The physical fink is. responsible for lire pinned trans¬ 
mission of data between devices supporting Bluetooth communication and protocol part is responsible 
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for defining die rules ufcunuiiLinicuiion. The physical link works on the wireless principle making use 
of’KF waves for communication Bluetooth enabled devices essentially contain a Bluetooth wireless 
radio for the transmission and reception of data. The roles governing the Bluetooth communication is 
implemented in the ‘Blueiooth protocol slack'. The Rlueiooili cuimuuuiiMiiuii If holds Ihc stuck Eucli 
Bluetooth device wifi have a 48 bit unique identification number. Bluetooth communication fallows 
packet bused data transfer. 

Bluetooth supports point-to-point (device to devicei and point-to-mulripoint (device to multiple 
device broadcasting) wireless communication. The point-to-point communication follows the roaster- 
slave relationship. A Bluetooth device can function as either master or slave. Whets a network is formed 
w ith one Bluetooth device us master and more than one de\ icc as slaves, it Is called a Piconei. A pieond 
supports a maximum of seven slave device*. 

Bluetooth is die favourite choice for short range data communication in handheld embedded devices. 
Bluetooth technology is very popular among cell phone useis as they are the easiest communication 
channel for Er&ufcrmg ringtones, music files, pictures, media files, etc, between neighbouring Blue¬ 
tooth enabled phones. 

The Blueiuoih standard specifies the minimum requirements ihat a Bluetooth device must support 
for a specific usage scenario. The Generic Access Profile (GAP) defines ihc requirements for delecting 
a Bluetooth device and establishing a connection with it. All other specific usage profiles are based on 
GAP. Serial Port Profile (SPP) for serial dal a communication. File Transfer Profile (FTP) for file transfer 
between devices. Human Inierface Device (HID) for supporting human interface devices like keyboard 
and mouse arc examples for Bluetooth profiles. 

The specifies l ions for Bluetooth communication is defined and licensed by the standards body ’Blue¬ 
tooth Special Interest Group (SIG)\ For more in formal ion* please visit the website ww w. bluctonlh .org_ , 

2.4.2.6 Wi^Fi Wi-Fi or Wireless Fidelity is ihc popular w ireless communication technique fbr net¬ 
worked commiuuenLion ol devices. Wi-Fi follows the IEEE 802, J1 standard. Wi-Fi is intended for net¬ 
work communication and it supports Internet Protocol (IP) based communication. It is essential lo have 
dev ice identities in a multipoint communication to address specific devices for data eummunie-ation. In 
an IP based communication each device is identified by an IP address, w hich is unique lo each device on 
the network, Wi-Fi based communications require an intermediate agent called Wi-Fi router/Wire less 
Access point lo manage Ihc communiciUions The Wi-Fi router is responsible for restricting ihe access to 
a network, assigning IP address to devices on the network, routing data packets to the intended devices 
on the network Wi-Fi enabled devices contain a wireless adaptor fur transmill mg and receiving data in 
the form of radio signal* through an sintemui. "1 he hardware port nl" tt is known as Wi-Fi Radio, 

Wi-Fi operates at lie or $Gll2 of radio spectrum and ilicy co-cxisi with oilier ISM band devices 
like Bluetooth, Figure 2,33 illustrates the typical interfacing of devices in a Wi-Fi netw ork. 

For communicating with dev ices over u Wi-Fi network* ihc device when ns Wi-Fi radio is turned 
ON. searches the available Wi-Fi network in ils vicinity and tisis out the Service Set Identifier (SSID) of 
the available networks. If the network ts security enabled* a password maybe required to connect to a 
particular SSID, Wi-Fi employs different security mechanisms like W ired Equivalency Privacy (WEP) 
Wireless Protected Access (WPA)*ctc, for securing the data communication* 

Wi-Fi supports data rates ranging from l Mbps to 150Mbps (Growing towards higher rates as technol¬ 
ogy progresses) depending on llie standards (S02.1 Ub g iiJ aitel accessmodulation method. Depending 
nr the type of antenna end usage location (indoor/outdoor). Wi-Fi offers a range of 100 to 3UU feet. 
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2.4,2.7 ZigB&e ZigBee is a low power, 
low cost, wireless network conttiHini cation 
protocol based or the Il-EII 802.15.4-2006 
standard- ZigBec is targeted tor low pow¬ 
er, low data rale and secure applications 
for Wireless Personal Area Networking 
i V\ 1 J \ S I' he ZigBec speci ikati on * support 
i loKbl mesh network containing multiple 
nodes Tin networking strategy makes llic 
network reliable by permitting messages to 
travel Mum ugh a number of different paths to 
get from otic node to another. 

ZigBee operates worldwide at the unli¬ 
censed bands of Radio spectrum, tiumih at 
2.4011 to 2 4S4 GHz, 902 to 928 Mil/ and 
fthK.O to 8fV8.fi MHz. ZigBee Supports an 

operating di stance of up to 100 metres undo ( . —^ 

data rate of 20 to 250Kbps. [Tfrfcaj Wi-ti nitwork 

In the ZigBec terminology, each ZigBec 
lew ice falls under any one of the following ZigBee device category. 

ZigHec ( norclinaror(ZCVNrtvr#rk Coordinator; The ZigBec coordinator acts as the root of ilie Zig- 
Bee network- The ZC is responsible for initiating the ZigBec network and it has the capability to store 
ill lot million about the network, 

ZigRce Router {ZRlfFuIi function De vice (FFDJ: Responsible for passing information From device In 
another device or to another ZR. 

ZigQcc End Device (ZED)/Rvduced Function Device (RFD); End device containing ZigBec func¬ 
tionality for data communication, It can talk only with a ZR or ZC and doesn’t have the capability in act 
as a mediator for transferring data from one dev ice to another. 

The diagram shown in Fig. 2.34 gives ail overview of ZC, 

ZED and ZR in p ZigBec network. 

ZigBee is primarily targeting application areas like home 
& industrial nuUMtwtion, energy management. home control/ 
security, mcdical/pnTicnl tracking, logistics & asset (racking 
and sensor networks & active RFID. Automatic Meter Reading 
(AMR), smoke detectors, wireless telemetry, 11 VAC control, 
beating control, lighting controls;, environmental controls, etc, 
are examples for applications which can make use of the Zig¬ 
Bec technology. 

The specifications for ZigBec is developed and managed by 
the ZigBee alliance {www.ziflhee.org h a non-profit consortium 
of leading semiconductor manufacturers, technology providers, OEMs and end-users worldwide, 

2.4.2.B Genera J Packet Radio Service (GPRS) General Packet Radio Sen ice (GPRS) is a com¬ 
munication technique for transferring data over a mobile communication network like GSM Data is 
sent as packets in GPRS communication. The transmitting device splits (he data into several related 
packets. At the receiving end the data is re-constructed, by combining the received data packets. GPRS 
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supports a theoretical maximum transfer rate of 171.2kbps. In GPRS communication, Lhc radio channel 
is concurrently shared between several users instead of dedicating a radio channel to a cell phone user, 
The GPRS coutmunkalian divides the channel into ft timeslots and transmits data over the available 
channel. GPRS supports Internet Protocol (IPi, Point lo Point Protocol iPPPl and X,2^ protocols for 
communication 

GPRS is mainly used by mobile enabled embedded devices for data communication. The device 
should support the necessary GPRS hardware like GPRS modem and GPRS radio. To accomplish 
GPRS based communication, the carrier network also .should have support for GPRS communication. 
GPRS is an old technology and it h being replaced by new general ion data communication techniques 
like EDGE, High Speed Downlink Packet Access (HSDPA), etc. which offers higher bandwidths tor 
communication. 

2,S EMBEDDED FIRMWARE 

Embedded firmware refers lo the control algorithm (Program instructions) and or the configuration 
sellings that an embedded system developer dumps into the code (Program) memory of the embedded 
system. It is an on-avoidable part of an embedded system. There are various methods available for de¬ 
veloping the embedded firmware. They are I riled below. 

1. Write the program in high level languages tike Embedded CC“ using an Integrated Develop¬ 
ment Environment (Hie IDE will contain an editor, compiler, linker, debugger, simulator, cte, 
IDEs are different for different family of processors controllers. For example. Keil micro vision} 
IDE is used for all family members of N051 microcontroller, since it contains the generic HOSI 
compiler C51), 

2, Write the program in Assembly language using the instructions supported by your application 's 
target processor/controller. 

The instruction set for each family or processor controller is different and the program written in 
cither of the methods given above should be converted into a processor understandable machine code 
before loading it into the program memory. 

The process of converting the program written in either a high level language or processor, controller 
spec die Assembly code to machine readable binary code is cal fed HEX File Creation, The methods 
used for 'HEXFile Creation is different depending on the programming techniques used. If the pro¬ 
gram is written in Embedded C/C++ using an IDE, the cross compiler included in the IDE converts it 
into corresponding processor controller understandable 'HEX Fife '. If you arc Following the Assembly 
language bus^J programming technique tmethod 2). you can use the utilities supplied by the proces- 
sor/controllcr vendors To convert the source code into 'HEX File'. Also ihird party tools are available* 
which may be of free of cost, for (bis aiiiHUimi, 

For a beginner in the embedded Software field, it is strongly recommended lo use (he high level lan¬ 
guage based development technique. The reasons lor this being; writing codes in a high level language 
is easy* the code written in high level language is highly portable which means you can use the same 
code lo run on different processor controller w idt little or less modification The only thing you need to 
do is re-compile the program with the required processor's IDE. after replacing the include fries tor that 
particular processor. Also the programs written in high level languages are not developer dependent. 
Any skilled programmer can trace out the functionalities of the program by fust having a look at the pro¬ 
gram. It will be much easier if the source code contains necessary comments and documentation lines. 
It is very easy to debug and the overall system development time will be reduced to a greater extent. 
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The embedded software development process in assembly language is tedious and time consuming. 
The developer needs to know about all ihe instruction sets of the prwessor/eon lit >1 kr or m Icasi s/he 
■■hail; cam- an instruction set reference manual wilh her 1 him. A programmer using assembly language 
technique writes die program according to his Tier view and taste. Often he,'she may be w rittng a method 
in liiiiL-iturulin which can be achieved through a single instruction us an expelieneed person s point of 
vie = ’. fi> two or three instructions in his/her own style. So the program will he highly dependent on the 
develop 1 .-1 It is very difficult fora second person to understand the code written in Assembly even if it 
is well documented 

We w ill discuss both approaches of embedded softw are development in a later chapter dealing with 
design of embedded firmware, in detail. Two types of control algorithm design exist in embedded firm¬ 
ware development. The first type of control algorithm development is known as the infinite loop or 
4 ,wr/kv ftu/p' based approach, where the Control flow rolls from top to bottom and (hen jumps back to 
the top of the program in a conventional procedure. It is similar to the white (1) f /: based technique 
in L. Elte second method deals with splitting die functions to be executed into lasks and running these 
tasks using a scheduler which is pad of a General Purpose or Real Time Fmhcddcd Operating System 
(GPOS RTC.JS j We will discuss both of these approaches in separate chapters of this book. 

2.6 OTHER SYSTEM COMPONENTS 


The other sy stem components refer to the componcniscireuits It's which arc necessary for die proper 
functioning of the embedded system. Some of these circuits may be essential for the proper function- 
inc of the processor/control ler and firmware execution. Watchdog timer. Reset It’ (nr passive circuit), 
brown-out protection 1C (or passive ciiL-uii]. cic. aiv examples uf circuits iCs which arc essential for 
the proper functioning of the | i ..oi imimlTer> Some of the controllers or SoCs integrate iliese 
components within a single 1C and doesn’t require such components externally connected to the clnp 
tor proper functioning. Depending on the system requirement, the embedded system nia> include oilier 
integrated chains for performing specific functions, level translator It's lor interfacing circuits with 
different logic levels, etc. The following section explains the essential circuits forlhc proper functioning 
of the processor controller of the embedded system, 

2.6.1 Reset Cfictiit 

The reset circuit is essential to ensure chat the device is nor operating at a voltage level where line device 
is not guaranteed to operate, during system power ON. The reset signal brings the internal registers and 
iht different hardw are systems of ihc processor controller to n know n state and starts (he firmw are exe¬ 
cution from ihe reset vector (Normally from vector address 0x0000 fur conventional processors control- 
las* The reset vector can be relocated ki an address for processors controllers supporting boot loader). 
The reset signal cun be either active high (The processor undergoes reset w hen ihe reset pin of live pro¬ 
cessor is at logic high) or active low (The processor undergoes reset when the reset pin of the processor 
is at logic low). Since the processor operation is synchronised to a clock signal, the reset pulse should 
be wide enough to give titne for the clock oscillator to stabilise before (lie internal reset slate starts. 
The reset signal to the processor can be applied at power ON through an external passive reset circuit 
comprising a Capacitor and Resistor or through a standard Reset 1C like MAX 810 from Maxim Dallas 
f www.maxim- ic. eom k Select the reset 1C based on the type of reset signal and logic level (CMOS TFL) 
supported by the proecssor/coittrollcr in use. Some microprocessors controllers contain built-in internal 
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reset circuitry and ihey don j require externa! reset circuitry. Figure 2,35 illustrates □ resistor capacitor 
hased passive reset circuit for active high and low configurations The reset pulse w idth can he adjusted 
bv changing the resistance value R and capacitance value C 




■Tig, 2.35) BC bu*d mat cireoit 


2.6,2 Brown-out Protection Circuit 


Brown-out protection circuit prevents the processor contraHer 
from unexpected program execution behaviour when ihe sup¬ 
ply voltage to the processor controller falls below a specified 
voltage, St is essential for finitely powered devices since there 
are greater chances for the battery voltage to drop below the 
required threshold. The processor behaviour nuiy nut be pre¬ 
dictable if the supply voltage falls below- the recommended op- 
crating voltage. It nta> lead to situations like data corruption, A 
brown-out protection circuit holds the processor/cnntroller in 
reset slate, when the iiperaiitig voltage lid Is below ihe thresh¬ 
old, until it rises above ihe threshold voltage. Certain proees- 
son&tamirolfers support built in brow n-out protection circuit 
which monitors the supply voltage internally. If Ihe proees- 
sniVcuntroller doesnT integrate a built-in brown-out protection 



circuits ur supervisor 1C*. Figure 2,3b illustrates a brown-out 
eireuil impkmentuiiota using Zener diode and transistor for 
procciiior/edntrailer with active low Reset logic. 

The Zener diode D/ and transistor Q forms the heart of this circuit. The transistor conducts always 
when the supply voltage f Lt ts greater than ihat oE'ihe sunt of l‘ tl , and ly (Zener voltage). The transistor 
stops conducting when the supply vnhage falls below the sum of r HF; and V / . Select die Zener diode 
with required voltage for setting ihe low threshold value for fee. The values of Rl, R2, and R3 can 
be selected based on the electrical characteristics (Absolute maximum current ami voltage ratings) of 
the transistor in use. Microprocessor Supervisor ICs like DS 1232 from Maxim Dallas ( www.maxim- 
ic.com ) also provides E3rowr-out protection 
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2.6*3 Oscillator Unit 

A microprMC^r/mi^f^’OiilrtiLkr is a digital device made Lip of digital combinational and sequential 
circuit Tire instruction execut Eon of a microprocessorcontroller occurs in syne with a clock signal. It is 
analogous to the heartbeat of a living being which synchronises the execution of life. Fora living being* 
tire heart is responsible for the generation of the beat whereas the oscillator unit of the embedded system 
is responsible for generating the precise clock for the processor. Certain processors/controllers integrate 
a built-in oscillator unit and simply require an external ceramic resonator/quartz crystal for producing 
the necessary clock signals. Quartz crysliils and ceramic resonators arc equivalent in operation, however 
they possess physical difference. A quart/ crystal is normally mounted in a hermetically sealed metal 
case with tw o leads protruding out of the ease. Certain devices may not contain a built-in oscillator unit 
and require the clock pulses to be generated mid supplied external ly. Quartz crystal Oscillators arc avail¬ 
able in the form chips and they can he used for generating the dock pulses in such a cases. The speed 
of operation of a processor is primarily dependent on the clock frequency. However we cannot increase 
the clock frequency blindly for increasing the speed of execution. The logical circuits lying inside the 
processor always have an upper threshold value for the maximum cluck at which the system can run. 
beyond which the system becomes unstable and non Functional. The total system power consumption 
is directly proportional to ihe clock frequency. TTie power consumption increases with increase m clock 
frequency* The accuracy of program execution depends on the accuracy of the clock signal. The accu¬ 
racy of the crystal oscillator or ceramic resonator is normally expressed in terms of - -ppm (Parts per 
million), figure 2.37 illustrates the usage of quartz crysml/ccramic resonator and external oscillator chip 
for dock generation. 
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2*6*4 Real-Time Clock (RTC) 

Real-Time Clock (RTC) is a system component responsible for keeping track of lime. RTC holds in for¬ 
mation like current time (In hours, mimilcs and seconds) in 12 hour 24 hour format, date, month. year, 
duy of the week, etc and supplies timing reference to the system. RTC is intended lo I unction even in 
the absence of power. RTCs are available in the fonn of Integrated Circuits from different semiconduc¬ 
tor manufacturer; like Maxim Da lbs, 3T Microelectronics etc. The RTC chip contains a microchip for 
holding ihe time and date related information and backup battery cell for functioning in the absence of 
power, in a single 1C package. The RTC chip is interfaced lo ibc processor or controller of the embedded 
system. For Operating System based embedded devices, a liming reference is essential for synchronising 
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the operations of the US kernel The RTC car interrupt the OS kernel by assorting the interrupt line 
of the proccssor'curiirulter lo which lire It K interrupt Jure is connected. The US kernel idemilies the 
interrupt in terms of the Interrupt Request (IRQ) number generated iw an interrupt controller. One IRQ 
can be assigned lo ihe RTC interrupt and lire kernel can perform necessary operations like system dale 
time updatiori. managing software timers etc when an RTC timer tick interrupt occurs. The RTC can be 
configured to interrupt ihe processor at predefined intervals or lo imerrupi the processor w hen the KTC 
register readies a specified value (used :ts alarm interrupt). 

2*6*5 Watchdog Timer 

In desktop Windows systems, if we feel our application is behaving in an abnormal way or if the system 
hangs up, we have the ‘Ctrl 1 Alt Del* lo conic out of the situation Wluil if il happens In olu embed¬ 
ded system" 1 Do we really have a 'Ctrl j All x Del* to take control of Ihe situation? Of course not ©, but 
we have a watchdog to monitor the lirmwsirt- execution and reset lire- system pnH.essor/micmcontroller 
when the program execution hangs up, A walchtioc rimer, or simply a w utchdog, is a hardware rimer Ibr 
monitoring the firmware execution. Depending on ihe internal implementation, lire watchdog timer in¬ 
crements or decrements a free running counter w ith each clock pulse and generates a reset signal lo reset 
ihe processor if the count readies zero for a down counting watchdog, or the highest count value lor an 
upcounting watchdog. Iflhc watchdog counter is in the enabled stale, the firmware can write a zero (for 
upcountmg watchdog implementation) to it before stalling Ihe execution of a piece of code (subroutine 
or portion of code which is susceptible lo execution hangup) and the watchdog will start counting. If the 
firmware exeat I ion doesn't complete due to malfunctioning, w ithin ilie lime required by ihe watchdog 
to reach the maximum count* the counter will generate a reset pulse and (his will reset ihe processor 
(if il is connected to the reset line of lire processor), If lire? firmware execution completes before ibe 
expiration of the watchdog timer you can reset I he count by writing a 0 (fur an upc omit ins watchdog 
rimer) to ihe watchdog timet register* Musi of ibc processors implement w atchdog as a built-in compo¬ 
nent and provides status register to control the w atchdog tinier (like enabling and disabling watchdog 
Functioning) and watchdog timer register for writing the count value. If the pr occssor/control kr doesn't 
contain a built in watchdog timer, the same can be implemented using an external watchdog timer 1C 
circuit lln: external watchdog timer uses hardware logic Jot crnihlmgi-disabling, resetting Ihe watch¬ 
dog count, etc instead of the firmware based ‘writing’ to the status and watchdog rimer register. The 
Microprocessor supervisor TC D5I232 integrates a hardware watchdog timer in it. In modem systems 
running on embedded operating systems, lhe watchdog can be implemented in >uch a way that when 
a watchdog timeout occurs, an interrupt is generated instead of resetting the processor, The interrupt 
handler for this handles the situation in an appropriate fashion. Figure 2.38 illustrates the impkrrremu- 
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tiori of an external watchdog timer based microprocessor supervisor circuit for a small scale embedded 
system. 


2,1 PCB END PASSIVE COMPONENTS 

Printed Circuit Board (PCB) is the backbone of every embedded system. After |ijuli$iitg the components 
and the inter-conned inn among them, a schematic design is created and according to the schematic the 
PCB is fabricated. This will be desen bed in detail in a chapter dedicated lor “Embedded Hardware 
Design and Development*'. PCB acts as a platform for mounting all the necessary components as per 
the design requirement Also it nets as a platform for testing ynur embedded firmware- Apart Iron ihc 
above-mentioned important subsystems of an embedded system, you can find some passive electronic 
components like radslnr, capacitor* diodes* etc. oil your board. They are lire eo-workers of various 
chips contained in your embedded hardware. They nro very essential for the proper functioning of your 
embedded system. For example for providing a regulated ripple-free supply voltage to the system* a 
regulator 1C and spike suppressor filter capacitors are very essential, 




Summary 


s The CP-TC of<m embedded system is IttUAlty buitt around a C uinmcivLa] LiIT-II jc sliclf uliijiiinc11L tn dJI flpp!i l ulion 
specific integrated circuit CASIO or a general purpose processor tike a microprocessor or inirrocuntroller or 
iapplk'JlLou specific UisiriKtiuft wl pftfeaKrt> I ASM" like US I 1 . MitrnCOtUmllcr, elc.) nr n PrugnKnirwtite Logic 
Device (PI.I>) err a System fill C hip (SoC | 

V' Processors controllers support either Reduced instruction Set L’ocnpuung (RISC) or Complex bislructioci. Set 
Cumpullhg (CISC) 

/ MiEEroprrwev'rfirV'crmtrolIc^ based m the Harvard architecture will have separate data bus and titstrucilnn bus, 
whcrc-i:- Microprocessors conn oilers based oil the Von-Ncuminn architecture shares a single common bus for 
feieluny holh in druc 1 : 011 * 011(1 duo 

f Tbc Ftjg-vn ! m pro slore ihe higher-order byte of the data in memory at llie lowest address, whereas 

LiceIl' ciiJijo processors sttvrc lie lowcr-order byte ot’data in memory at the lowest address 

/ field Frogmttraible Gate Array* (FFGAs) and Complex Programmable Logic Devices (CPLEh) am (be two 
rrujiK’ivpe^ of programmable logic devices 

* live Read i ' 1 1v ’ lemon (ROM) i- \ non-vulalile memory for storing (be firmware and embedded OS nles 
MKOM, I’&t I'M |(HT)„ 1 FRUM. h! li 3 KI >M .iruf PLASH arc ihc commonly used firmware storage memory 

* Ratuk m Acccm, Menn.iry (RAM) b a volatile memory’ for temporary data storage. RAM can be cither Static 
RAM I SRAM) of Dynamic RAM (DRAM i. SRAM ta nmJc up of flip-flops, whereas DRAM is made up of M0S 
IntnM^or iind ( ipm'itcr 

•* [ t; l- ^l-ilsoh. L-onneeled to the input pen of an embedded system sensei; the changes in inpul variables and the 

iivlHJLtuf .nriitlcd 1 die il| ■ i n . ju cnibeildol lyilcih cunt: oil wnlc ririibtn ibbCCutdiUlcc with ctianges 
in input 

J Light Emnung Diode (LED), 7-Segment LED display*. Liquid Crystal Display {LCD), Piezo Buzzer, Speaker. 
Opineouplcf. Stepper Mui DLnlu] to Analog Converters fDAC), Relays etc are examples for output detices of 
an embedded system 

v k.eytHMrd 1 1 Kiel ■■ Push Button iwitebcs; Optocouplcr, Analog to Digital Converter (ADC) etc are 
compter :■ r input device* in an embedded system 


-■ yrsihfed mavric 
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/ The Programmable E^rtphcral interlace fPI'l) itevicc eximd« the 1.0 capabililltft or ihe processor osctl in 
embedded system 

^ 12C, SPL UART, J-Winc* Parallel bus etc are examples for onboard communication rnlerfacc and R5“2i2C, 
RS'-tfef. USB. IEEE1J94 (FireWire), Wi-Fi, Zictkc, Jriliurcd tlrD.A), Bluetooth. GPRS, etc art examples lor 
c.sicnul communication inierfacc 

/ Die control algorithm for the embedded device is known as Embedtled Firmware, Embedded firmware can be 
developed on top of an ernherided operating system or without an operating system 
■f The nesei circuit ensures than the device is tioi operating m a voltage level where live device is not guaranteed 
in operate, during system power ON, The k*cs signal bungs the internal rcgisiern md Ibc ditfenml hardware 
syatcnt.» of ibe procevioCcontrollcr to j known slate and stana the firmware execution from die tcsel vector 
f Die bfowo-out protect ton ei rcuil pre vents she prcccvw/contruI lei from unexpectetl program rxeuuhon bchas'iom 
when ibe supply voltage ui the pnwaw/coniroller falls below a specified voluge 
J The oscifiaiw tmil gerteraics clwlk sigaali for synchronising the operations of the processor 
v' Die lime keeping nctivtiy for the embedded system is performed by the Ren) Time Clock (RFC) of the rysiem. 

R.TC holds oirrcnt time, date, month, year, day of ihe week. etc. 

^ The watchdog limee monitors, the firmware execution and revcLs Ihe procc^ir or genoStH an Interrupt in ease 
the execulion Tims for a task is exceeding the maximum allowed Jtnpii 
'f Prinicd circuit boned or FA'fi ul-(i ns a plalltvrm for mounneig all ihc necessary luirdw-nee components its per the 
design raus.rcmcjii 
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LJttlr-Kcdljn 


: Commcrutiil-olT-the-Sheir Cununenriftlly available ready tu use component 
: Applieation Specific integrated Circuit is * microchip designed tn perform a specific or unique 
application 

: Applicauon Specific Siattfbfd Prodncl—An ASIC marketed to multiple customers jua ns a 
general-purpose product is. but to a smaller number of customers 

: A silicon chip representing a Central Processing Unit (CPU) 

; Cicucinl Purp*wc Pfuccwnr orfJPP tv a pniccftnor ilcsigned tbr genera) computofiraml uvLv 

: Application Specific Instruction Sci priNcei!wLMrft ar^ prufi^n iih arcbtEectune and irutruclion 
»cl optimized iospcviHedomdri B|ip1lcatkin EetpiirtPumN 

\ A highly tntegnEed clttp e!ui contains a CPU, scratchpad R.AM, Special and {Jcneral purpose 
Register Arrays ami Jnccuraled peripheral* 

: Digital Signal Processor is a powctful special pafposc B-'lCvlZ bit microprocessors designed 
vpex'ifndlfy looiccl tlic coEiipulHilimutl demiHUli ami power cotetnunl* 

: Reduced fissUihlUm itl Computing, ttclcis lo ptdcasors with Reduced and Ottboguiul 
Inslniclion Set 

i Refers to processors w r ith Complex Inslroction Srt Computing 

: A typr of procewior architcchirc wiih separate buses for program mstnichcm and data 
fetch 

i A type of processor nrchiledlnrc with a shared single cmnitton bib for fetching both 
i rrstrociiom m k 1 dura 

: Refers to processors which xtora thi ]rifher<eder byie vt the data m mentoty at the lowesl 
addi? ss 

i Refers to processors which store the lower-order bsie of ihc data in memory at the lowest 
atWrenfi 
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FFGA 

MROM 

OTr 

EPROM 

EEPROM 

FLASH 

RAM 

SRAM 

DRAM 

NVRAM 

ADC 

LED 

LED Display 

(bplutoupter 

Stepper mo to ir 


Relay 

hkrq Buzjfr 

pDih BulLuit 

switch 

PPt 

\1C 

SPI 

UART 

LWirc intfrfatc 

Rh-232 C 

RS-485 

USB 

IEEE UW 
Fire wire 


: Field Programmable Gate Array Device. A programmable logic device with reconligtrrable 
function, Popular for prototyping ASIC designs 

; Masked ROM is a one-lime programmable memory, which uses ttrc hardwired tochnofogy for 
sluing Jeia 

: One Time I’Tngtiirrtm&bk: R«d Only Memory made up of nichromii: or polyps I icon wins* 
arranged in a matrix 

: Erasable Programmable Road Only Memory Rcprogramrruble ROM Kra«d by cxfKnung to 
UV light 

; Electrically Erasable ProgrammiiMc Re-id Only Memory, Reprogrammable ROM. Erased by 
applying declncal signals 

: Electrically Erasable Programmable Read Only Memory Same as EEPROM tuts wish high 
capacity and support fur block, level memory ending 
: Random Access memory. VnbciLc roomrey 
: Stalk RAM. A type flf RAM* made up of flip-flops 
: Dynamic RAM. A tip: of RAM P mode up of MO$ Transistor and Capacitor 
: Nan-volatile SRAM Battery-tocked SRAM 

i Analog in Digital Converter. An integrated circuit which converts analog signals to digital 
form 

: Light Emitting Diode. An ampul device which produces vbunJ indication in die form of Light in 
accordance with currant flow 

: The 7-scgnierrt LED display is on output device for displaying alpha numeric characters 
It cantata* St light-emitting diode (LED) segments arranged in a special ionn 
: A sol 11 L Mate device So isolate two pruts of a circusi Oploconplcr combines an LED and a photo- 
trarm-stoc m J Single housing (package) 

: An tketrD'tppdmi^l device which generates discrete displjcemctn. (maiton) m tesponse lo dc 
elecirieul signals 

: An clcctro-tucduink'al device which acts as dynamic juth selector for signals, and power 
: A picTo-clectric device for generating audio indication It contains n pie/a-clcctric diaphragm 
which produces audible sound in trepans to the voltage applied to ii 
; A mechanical device for declfic cin.-uil nnikc' unJ ‘break' upcralion 


FTogiwnituble Peripheral luie?face i* a device lor extending die LO oipabiliiki of processors- 

conlrollcrs 

The llnlcr Integrated Circuit Bus E12C-Pronounced i square C’) ts j synefarnoom bi-direcikmnl 
half duplex iwn wire scral interface bus. 

The Serial Peripheral Interface Dus iSPl) is a synchronous’ bi-ditecl tonal full duplex four wire 
serial iuicrfucc Uur 

The Universal Asynchronous Receiver Irarnmillet is an xynduonoui communication 
implementation standard 

An asyircJironoiis halt-duplex communicaLian protocol developed by Mux on Dallas 
Semiconductor It is ako known as P.dki l-Wire> ptutowd. 

Recommended Standard number 232. revision C (him die Electronic Industry AsSoCs-diim, is a 

legacy. full duplex, wired, nsyfK-lniitiouv acfi.il communieaiwm interface 

The enhanced version of RS-132, which supports midi i-drop ccamntnieatiofr with up to 32 

transmitting devices (drivers) and 32 receiving dev Lees on ihc bi;s 

Uni vena] Serial Bun it a wired high speed serial bus for dal* communication 

A wired, isochronous high speed serial communication bus 

The Apple tnc/s, impiemecitatioii of lire 139-1 protocol 
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Infrared (IrlLV) i 

R||R|»|l(h 3 

WI-FI : 

/dgltn- : 


GTR-S ; 

Rcvei < irruit j 

Brown-nut ; 

ProTeellon C Ire nil 
RTC : 

Wnrehdng l inter : 
(WD n 

PC B : 


A Mfrrn.1. half duplex, line of sight b.wd wirekv. technology for data communication between 
devices 

Alow com. km power, ditto range wireless technology fuj da Lb and uiicc communicaCion 
Wilder fidelity bttic(xipuLjs wireloseoiririiunkjliOfllechiuquvlV.it tic! wwLcd ixiiimiuiikjltoii 
of devices 

Alow power,low cost, wirck-vs liL-ivuirk communtcaiiunprotocoltared an the IHEt h02,154- 
200b standard. ZigBce is targeted for low power, low dnia-ralc and secure applications for 
\K ire less IVrsiMULl Area Nc(wuikinf. 1 A I'AK ) 

GoktuJ Racket Radio Service b u contttiunicallnn technique lor ttutiifening data over a mobile 

CurumunicalltiO |JL’I Vui■ I Like GSM 

A pussi \ c circuit or St' device so supply u roses ni^r-sl to ibcptoce^ur controller of the embedded 
syiiem 

A passive eircui: or II device id protect die pnxe&s-ur from unexpected program execution 

flow due t,i ihe drop in power supply voltage 

Real rum- Clodt ts ii vvsteitii eoiupunenl keepitm track vt time 

I imer for rm>rtilodn|i the linnwai e mcculu, -n 

Rnnted Citcusl LLiard i, itsc place holder ilor .-iftangmti the Jilfcrcnt liordwari- cnmpivnenls 
required lu build the embedded product 


r® 


Objective Questions 


Embedded hardware soMware .ire basically designed rn 

In) Regulate a physical variable «h) t'hange she state of some devices 

|C) Mpaskirc Read (he slate of a variuMe. device {il] Any'Alt nf tllcvc 

Little Endian processors 

(a) Store Ihc lowcf-errdcr byte of die dai j m rhe km nt addict and the higher-urderbyte of Ihc dau dL the lilghol 
addreiis of in ernory 

(b) Store she higher-order hyle oflhe ihita .it the lowesl address and she tower-nrekr byte of She rl.ila at the highess 
address of memury 

(c) Store both higher order and- lower order byte of ibe dam at she s.imc address of memory 
tit | None of Shesc 

An integer variable with value 2?? is stored in memory hvatjon 3 t ftxSCKH), TTie processor word lenglh is St bits 
and the processor is x big endian processor. I he ii/e uf integer is considered tt 4 bytes in the system. What is the 
value held by the memory tacnikm OxbOW' 


rat OxFF (hi OxfKt 

A, The instruction set of RISC processor H 

(a) Sintpk and ksrer in number 
( c} Simple and 1 urger in ti u i ohc r 
5, Which of the follow ing l& true obout C ISC‘ prucesaon? 
(a) The instruction sel is non^mhogoaul 
1b| The number of general purpose registers ™ limited 
|c) In.vtnictions arc like macros m C language 
(d) Variable knplb Infslractiorii 
ic) All nl these 
(0 None of these 


H-i turn 


ul 3 None afltiutt 


Shj Complex and kvrer in number 
Id) Complex and larger ui number 
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6. \MiiirJi of the folk™ in^ processor iinrhilrclurr supports easier •. nstrjcl iur. pipelining? 

U! Harvard (b| Von Neumann (c) Both ofthem (d) None of these 

7 Microptoec^+i>rs controllers bnwil on lhe Tlurvjrd areliilecliire will have separate data bu* and mj traction lux 
I hK allows the data in ruder arhi program fetching to occur simultaneously cm both hu^es. Slate True or False 
(a) True (b) False 

8. Which of the following is onc-Urnc programmable memory? 

(a) SRAM (b> PROM (c) FLASH <d> NVRAM 

9. Which of (he following mentmy type is best suited for dev elopment purpose? 

(a) EEPROM (bj FLASH (c) UVEPROM 

|Jj OTP ft) (•> of(b) 

Ifl. EiEPRl JM memory is alterable of byte level. Suite True or False 

(a) True (b) False 

11. Nun-* i-Liuk' RAM is > Random Access Memory with battery backup. Stale 1 rue or False 

(a) True (bj False 

12. kseeuiiim of prog-ram tram ROM is faster than the execution from RAN!. Stale True or False 

mi True (b| False 

13. Dynamic RAM stores dam in (he form of voltage, State True w False 

fall True (b) False 

14. The inrun 1 1 algurii hm (Program instruei kms) and w Qk canfi guraiion sdiing* that are kepi in the code (Program I 
memory ol Ihe embedded system are known as Embedded Software. State True or False 

(a) True (b| False 

15. Which of the following is «i example for Wireless Comimmicafion interface? 

(«) R5-232C (b| Wi-Fi (e> Bluetooth 

(d) GBEL344 (e) boih (b| and (c) 

] 6. W hich of the following; is [are) examples for Application Speculc instruction wi Pniccwhvi 
(4| Intel L'mlnnu (b| Atmi'l Antomutiv c AVR 

(c) AMDTurkm (<t| Microchip CAN PlC (e) Allofthese (1) both(b)and(d> 

17. Flow many memory cells are present in I Kb RAM 

(«) 1024 (b> WZ fc) 512 (d) 40% 

(c) None of these 

1S. Which of the following memory supports execute in Place IXI P>? 

(■) EEPROM Cb| NOR FLASH (c> NAND FLASH 

(d) both (h) and (c) (e) None of these 

19, How many memory cells an* prricnl in IKb Serial EEPROM 

(i) 1024 (b) 8192 fc) 512 (d) 40% 

(c) None of those 

20, Which of the following is ■fane! ^sm-ptef*) for the input subsystem of an embedded system dealing with digital 
data? 

(a) ADC lb) OptoccRipIcir (c) DAC I'd) All of them 

(e) only (a) and |b) 

21. Which of the following tit (arc I cxtunptefsO for die output subsystem ol' an embedded system dealing w Lth digtinl 
data? 

(a.) LED |b) Qptoctxiplcr (c) Stepper Motor id) All of these 

(e) only (a) and (c) 

22. Which of the following is true about optooouplers 
(a) OpEocoup let acts aa on input device only 

fb) Optocoupler acts as on output device onlj 

(c> Optoooupler can be used in both input and output circuitry 

(d) Noneeflhcie 
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Which of the following is true abour a unipolar stepper motor 

fa I Cohlains only a single winding per ilsltf phase f b) Lomums two windings pet stator phase 

(c) Contains four windings per stiilor plaasc id) None of these 

Which of the following is (are) Cnie jIkiliI nurtil.iFiy Open single pole relays? 

fu) The circuit remains open when ihe relay is not energised 

(b| The circuit remains dosed when the relay is energised 

(c) There are two output paths 

(dl HoiK(i)and |b) le) None of these 

What is the minimum number TO line r c l| uj: c>J to loledkc ll 3 6-Key nutria keyboard? 

fa) 16 |b) B (c) 4 (d) 9 

Which is ihe optimal row-column configuration for a 24 key rantrix kryboard7 

(a) 6x4 (b) 8x3 (c) 12x2 (d) 5x5 

Which of the following is an example for on-board interface in the embedded system context? 

(a) 12C lb) Bluetooth (c) SPI (d\ All of them 

(cl Only fa) and (c) 

What is the minimum number of interface lines required for impIrmentiTig I2C inlerfaCe? 

(a) J (b) 2 m 1 id) 4 

What ts the mmimum number of interface Lutes required for implementing bFL interface? 


(a) a 

(b) 3 

(c| 4 

(d) S 

Which of ihe following arc 

synchronous send interface? 



(u| I2C 

(b) SPI 

|c) UART 

(d) At! of ihnse 


(e) Only (a) and (b) 

RS-232 is a synchrciriotis icrial interface. State True or False 
(a) True (b) False 

WTitt is the maximum number of USB devices llv.it can be contteelod lo u USR hits.!? 

(A) Unlimited (b) 128 (c) 127 (d) Noncoflht*e 

In ihe ZigRce network, wfiich of ihi? following ZigBee 1 entity stores the rnfonnaEion about the network' 1 
(n) ZigBcc Coordinator |b) ZigBer Router 

(c) ZigBee Reduced Function Dev'iee (d) All of them 

WJuit is the thcordicnl maximum data rate vupptvricd by GPRS 

(a) SMbpi (b) 12Mbps (c) 100Kbps (d> 1717Kbps 

GPRS communication diviiles the raiSio clumncl into_timeslots 

(a) 2 (b) 3 (c) 5 (d.) 8 


c 



Review Questions 


lixpLom the component* OI a typical embedded ^ "Jem in dCttfil 

Which am the component* used a* the core of an embedded system? Explain the merits, drawbacks, if any, and ihe 
nppUcaEiom/dOmxmx where they Arc commonly Used 

What is Application Specific Inlcgratcd Circuit (ASIC)? Explain the role of ASIC In Embeddm) S>3tctr ile5ign ^, ' 
WhAt h ihe dincreuee between Application Specific Integrated Clrvuil l ASIC) Application Specific Stnmkird 
Product (ASSP)? 

What is ibe differance between micmjifaeeshor and mitrcconirnllei? Expl*m the role of miemproccisofs and 
controllers in embedded system design? 

Whit is Digital Signal Processor (DSP)? Explain Ihe role of DSP in embedded v-'sierti design? 

What is ibe di(Terence bciweeni RISC and CISC proccMors? Give an example fur each. 













frUroofe chart to Embedded Systems 


IQ 


N. Whal ii preKcsjur irekiteeture'' Win’ are the different processor urehi lectures available fur jiruces-sorteontrelkr 
design'* Give 3 ]] example for each. 

*t W'hai i< ihe tinferetisv Mu. ...'n htg-cndinn ind Imfe-endum processor? Give on example of ejeli 

10 Whal is Pnicmmin.ihtc Luorr Device ^ PLP>Whal arc the differem types of PLDi? Explain the role of PLDs in 
Embedded System design. 

11 Whai i* ihc difference between PLD and ASIC? 

12. Whit are the advanta^ of PLD over fixed fegie device? 

I 3 Whal arc the dillertnl 1 >ih l -. of mernmicv n^cd in Embedded Sy^eut design 1 Explmn the mk of each, 

14 Whit arc the different r pcs of memories ured for Program storage in Embedded System Desien r> 

15, Whal is die difference beiwcen Mocked ROM and OTP? 

I o What i h liie difl ermec bel w ca l PROM and EPROM? 

17. What lUl the adv antage- of FLASH over other program storage memory in Embedded System design? 
ifc What ij ihc difference bel w een RAM and ROM? 

I ^ What arc die differ fill ft |we of RAM used lor Embedded System design? 

20. U Jiil is memory dudowitig ? What is its advaninge? 

21. Wlu-c ii Sciiwr? Explain its t jIl- in Embedded System Design? llhotfale with an example 

22. What is Actuator? E'spbin its role in Embedded System Dengri? ILIuSlralc wiih an example. 

23 What is Embedded S-irmv. are ' Whal are the dillerem jppr&jehc& available for Embedded Firmware development? 

24, Whal is the difference* hriiMfen General Purpnsv Ifeocift-nr (GPP) nivd Application Specific Inslructinn Sel 
PiwcfiUrfASIPl Give an example tbrbnih 

25. Explain the concept cl l.oad Store architecture and irt-vtnuclitffi. pipelining. 

26 Expl ui n 1 he operation 0 r" Stntie RAM iSR A M) cell. 

27. Explain die merift and limiUUions of SRAM and DRAM as Random Access Memory. 

28. Sixplain the <|i[reran cl' between Serial Access* SIcjtiL» ry (SAM) raid Random Access Menmry (RAM) Give an 
example lor both. 

29. 1: xphtin the different factofs that needs to be considered in ihc election of memory for Embedded Systems. 

3d Explain ihc different types of FLASH memory and ibcir relative merits and dc-meriis. 

31. Explain lLic differ jeil Input ..nd ouiput subiviLetna of Lioileddcd Syslems. 

32 What is stepper motor? How fe u dilfctcni from ordinary de nwtnrT 

33. Explain Ihe role of Stepper motor in embedded applicaticu’is. with examples. 

34. r-xphin Ihc dil fercnl vicp ti lodes for lieppcr motor. 

35. Whut is Relay? Whirl are the different types, of relays available? Explain ihc rule of relay in embedded 
applications, 

36. Explain the operation of the transistor bflised Relay dnver circuit. 

37. Explain the operation of a Matrix Keyboard, 

38. What i* E‘ro^nunnuih3e Ifetiphcral Jmerfaee (I'PI) Device^ Lxplam ihe interfaem^ of S255 Pfi with an SbiL 
111 iefiiprocestorfeiinl mller, 

3?l. Explain the different on-board communication interfaces in brief. 

40, Explain the different exlcmal coinmuniaition interfaces, in brief. 

■11 Explain the sequence of operation forconimunicoting with an 12 C slave device. 

42, Explain the JirTcretieti between I2C und. SPI eummunfentiiui jnierfhce. 

43, Explain lhe sequence of operalion for communicating with a 1 - Wire slave device 

44, ExpLain the RS-232 C serial tntcrfacc in ttelail 

45 Explain the mcriu and limitation* of PamlleL pon over Sena! RS-23? interface 

46. Exp I ain the merits and 1 i mi tab ons 0 fl F EE 1394 interface over USB. 

47. Compare the operation of ZigBcc and Wi-Fi network. 

48. Explain ihc t*>fe of Rc^t uiieuit in Embedded Syxicm. 

49. Explain (he role of Rea! Time Clock (RTC) in Embedded Syalem. 

50. Explain the role of Wuichifefi Timer in lunbedded System. 
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Lab Assignments 


1. Write a 'C profnun 10 find the rjir/itumras of ihc processor m which the pnigram is running If ihe procesAor 

is big L/nJiart, pnnl “The processor archilrL'Tiire is Big ernh^n else print “1 he proces^r 3ti:hilenun; Little 
i-i-qiah' ntt the tuu-i c windovs ! vecute the prtiij.raiis ■►cp.u.itvLy dn a PC with Window:., Linux and MAI 
opcnatini; tyMom, 

2. Denw the inlerfaciiiH diitgrnm for correcting an T FT) tn the pMl pin *tf 4 nricfoecmtiulkr. The LED i* lumed ON 
when the mimKontmltcr port pin t* .it Logic h tl . Calculate the ncnutanco required to connect in senes with the 
LED for ihe fellow me dengn patumetm 

U LED voltjee drop on conduecine ■ J,?V 
[b» | [ Oaimnl niime 20 mA 
(c) Power Supply Voltage - 5V 

3. Design an RC {RedeAnHEapatilur) basedre&cl circuit f« prxinfudng an aciiic lu« i'i'iver-Otiteret pulviif width 
(J.l mill 1 seconds 

J. Design a 7cner diode ,irtd transistor based brown-mu proiectioti circuit wuli active low re^el piilse for tlic 
follow design pcLrametei - 
fa) l Jsc BC32 - PNP tramisme Rt ihc doitin 
i h flic supply n Llltairc to tile s} 4crt| is 5V 

(el I he resel poise u asserted w hen Ihe supply voltage falls belaiv 4.7V 
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FFGA 

MROM 

OTr 

EPROM 

EEPROM 

FLASH 

RAM 

SRAM 

DRAM 

NVRAM 

ADC 

LED 

LED Display 

(bplutoupter 

Stepper mo to ir 


Relay 

hkrq Buzjfr 

pDih BulLuit 

switch 

PPt 

\1C 

SPI 

UART 

LWirc intfrfatc 

Rh-232 C 

RS-485 

USB 

IEEE UW 
Fire wire 


: Field Programmable Gate Array Device. A programmable logic device with reconligtrrable 
function, Popular for prototyping ASIC designs 

; Masked ROM is a one-lime programmable memory, which uses ttrc hardwired tochnofogy for 
sluing Jeia 

: One Time I’Tngtiirrtm&bk: R«d Only Memory made up of nichromii: or polyps I icon wins* 
arranged in a matrix 

: Erasable Programmable Road Only Memory Rcprogramrruble ROM Kra«d by cxfKnung to 
UV light 

; Electrically Erasable ProgrammiiMc Re-id Only Memory, Reprogrammable ROM. Erased by 
applying declncal signals 

: Electrically Erasable Programmable Read Only Memory Same as EEPROM tuts wish high 
capacity and support fur block, level memory ending 
: Random Access memory. VnbciLc roomrey 
: Stalk RAM. A type flf RAM* made up of flip-flops 
: Dynamic RAM. A tip: of RAM P mode up of MO$ Transistor and Capacitor 
: Nan-volatile SRAM Battery-tocked SRAM 

i Analog in Digital Converter. An integrated circuit which converts analog signals to digital 
form 

: Light Emitting Diode. An ampul device which produces vbunJ indication in die form of Light in 
accordance with currant flow 

: The 7-scgnierrt LED display is on output device for displaying alpha numeric characters 
It cantata* St light-emitting diode (LED) segments arranged in a special ionn 
: A sol 11 L Mate device So isolate two pruts of a circusi Oploconplcr combines an LED and a photo- 
trarm-stoc m J Single housing (package) 

: An tketrD'tppdmi^l device which generates discrete displjcemctn. (maiton) m tesponse lo dc 
elecirieul signals 

: An clcctro-tucduink'al device which acts as dynamic juth selector for signals, and power 
: A picTo-clectric device for generating audio indication It contains n pie/a-clcctric diaphragm 
which produces audible sound in trepans to the voltage applied to ii 
; A mechanical device for declfic cin.-uil nnikc' unJ ‘break' upcralion 


FTogiwnituble Peripheral luie?face i* a device lor extending die LO oipabiliiki of processors- 

conlrollcrs 

The llnlcr Integrated Circuit Bus E12C-Pronounced i square C’) ts j synefarnoom bi-direcikmnl 
half duplex iwn wire scral interface bus. 

The Serial Peripheral Interface Dus iSPl) is a synchronous’ bi-ditecl tonal full duplex four wire 
serial iuicrfucc Uur 

The Universal Asynchronous Receiver Irarnmillet is an xynduonoui communication 
implementation standard 

An asyircJironoiis halt-duplex communicaLian protocol developed by Mux on Dallas 
Semiconductor It is ako known as P.dki l-Wire> ptutowd. 

Recommended Standard number 232. revision C (him die Electronic Industry AsSoCs-diim, is a 

legacy. full duplex, wired, nsyfK-lniitiouv acfi.il communieaiwm interface 

The enhanced version of RS-132, which supports midi i-drop ccamntnieatiofr with up to 32 

transmitting devices (drivers) and 32 receiving dev Lees on ihc bi;s 

Uni vena] Serial Bun it a wired high speed serial bus for dal* communication 

A wired, isochronous high speed serial communication bus 

The Apple tnc/s, impiemecitatioii of lire 139-1 protocol 
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Infrared (IrlLV) i 

R||R|»|l(h 3 

WI-FI : 

/dgltn- : 


GTR-S ; 

Rcvei < irruit j 

Brown-nut ; 

ProTeellon C Ire nil 
RTC : 

Wnrehdng l inter : 
(WD n 

PC B : 


A Mfrrn.1. half duplex, line of sight b.wd wirekv. technology for data communication between 
devices 

Alow com. km power, ditto range wireless technology fuj da Lb and uiicc communicaCion 
Wilder fidelity bttic(xipuLjs wireloseoiririiunkjliOfllechiuquvlV.it tic! wwLcd ixiiimiuiikjltoii 
of devices 

Alow power,low cost, wirck-vs liL-ivuirk communtcaiiunprotocoltared an the IHEt h02,154- 
200b standard. ZigBce is targeted for low power, low dnia-ralc and secure applications for 
\K ire less IVrsiMULl Area Nc(wuikinf. 1 A I'AK ) 

GoktuJ Racket Radio Service b u contttiunicallnn technique lor ttutiifening data over a mobile 

CurumunicalltiO |JL’I Vui■ I Like GSM 

A pussi \ c circuit or St' device so supply u roses ni^r-sl to ibcptoce^ur controller of the embedded 
syiiem 

A passive eircui: or II device id protect die pnxe&s-ur from unexpected program execution 

flow due t,i ihe drop in power supply voltage 

Real rum- Clodt ts ii vvsteitii eoiupunenl keepitm track vt time 

I imer for rm>rtilodn|i the linnwai e mcculu, -n 

Rnnted Citcusl LLiard i, itsc place holder ilor .-iftangmti the Jilfcrcnt liordwari- cnmpivnenls 
required lu build the embedded product 


r® 


Objective Questions 


Embedded hardware soMware .ire basically designed rn 

In) Regulate a physical variable «h) t'hange she state of some devices 

|C) Mpaskirc Read (he slate of a variuMe. device {il] Any'Alt nf tllcvc 

Little Endian processors 

(a) Store Ihc lowcf-errdcr byte of die dai j m rhe km nt addict and the higher-urderbyte of Ihc dau dL the lilghol 
addreiis of in ernory 

(b) Store she higher-order hyle oflhe ihita .it the lowesl address and she tower-nrekr byte of She rl.ila at the highess 
address of memury 

(c) Store both higher order and- lower order byte of ibe dam at she s.imc address of memory 
tit | None of Shesc 

An integer variable with value 2?? is stored in memory hvatjon 3 t ftxSCKH), TTie processor word lenglh is St bits 
and the processor is x big endian processor. I he ii/e uf integer is considered tt 4 bytes in the system. What is the 
value held by the memory tacnikm OxbOW' 


rat OxFF (hi OxfKt 

A, The instruction set of RISC processor H 

(a) Sintpk and ksrer in number 
( c} Simple and 1 urger in ti u i ohc r 
5, Which of the follow ing l& true obout C ISC‘ prucesaon? 
(a) The instruction sel is non^mhogoaul 
1b| The number of general purpose registers ™ limited 
|c) In.vtnictions arc like macros m C language 
(d) Variable knplb Infslractiorii 
ic) All nl these 
(0 None of these 


H-i turn 


ul 3 None afltiutt 


Shj Complex and kvrer in number 
Id) Complex and larger ui number 
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6. \MiiirJi of the folk™ in^ processor iinrhilrclurr supports easier •. nstrjcl iur. pipelining? 

U! Harvard (b| Von Neumann (c) Both ofthem (d) None of these 

7 Microptoec^+i>rs controllers bnwil on lhe Tlurvjrd areliilecliire will have separate data bu* and mj traction lux 
I hK allows the data in ruder arhi program fetching to occur simultaneously cm both hu^es. Slate True or False 
(a) True (b) False 

8. Which of the following is onc-Urnc programmable memory? 

(a) SRAM (b> PROM (c) FLASH <d> NVRAM 

9. Which of (he following mentmy type is best suited for dev elopment purpose? 

(a) EEPROM (bj FLASH (c) UVEPROM 

|Jj OTP ft) (•> of(b) 

Ifl. EiEPRl JM memory is alterable of byte level. Suite True or False 

(a) True (b) False 

11. Nun-* i-Liuk' RAM is > Random Access Memory with battery backup. Stale 1 rue or False 

(a) True (bj False 

12. kseeuiiim of prog-ram tram ROM is faster than the execution from RAN!. Stale True or False 

mi True (b| False 

13. Dynamic RAM stores dam in (he form of voltage, State True w False 

fall True (b) False 

14. The inrun 1 1 algurii hm (Program instruei kms) and w Qk canfi guraiion sdiing* that are kepi in the code (Program I 
memory ol Ihe embedded system are known as Embedded Software. State True or False 

(a) True (b| False 

15. Which of the following is «i example for Wireless Comimmicafion interface? 

(«) R5-232C (b| Wi-Fi (e> Bluetooth 

(d) GBEL344 (e) boih (b| and (c) 

] 6. W hich of the following; is [are) examples for Application Speculc instruction wi Pniccwhvi 
(4| Intel L'mlnnu (b| Atmi'l Antomutiv c AVR 

(c) AMDTurkm (<t| Microchip CAN PlC (e) Allofthese (1) both(b)and(d> 

17. Flow many memory cells are present in I Kb RAM 

(«) 1024 (b> WZ fc) 512 (d) 40% 

(c) None of these 

1S. Which of the following memory supports execute in Place IXI P>? 

(■) EEPROM Cb| NOR FLASH (c> NAND FLASH 

(d) both (h) and (c) (e) None of these 

19, How many memory cells an* prricnl in IKb Serial EEPROM 

(i) 1024 (b) 8192 fc) 512 (d) 40% 

(c) None of those 

20, Which of the following is ■fane! ^sm-ptef*) for the input subsystem of an embedded system dealing with digital 
data? 

(a) ADC lb) OptoccRipIcir (c) DAC I'd) All of them 

(e) only (a) and |b) 

21. Which of the following tit (arc I cxtunptefsO for die output subsystem ol' an embedded system dealing w Lth digtinl 
data? 

(a.) LED |b) Qptoctxiplcr (c) Stepper Motor id) All of these 

(e) only (a) and (c) 

22. Which of the following is true about optooouplers 
(a) OpEocoup let acts aa on input device only 

fb) Optocoupler acts as on output device onlj 

(c> Optoooupler can be used in both input and output circuitry 

(d) Noneeflhcie 
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Which of the following is true abour a unipolar stepper motor 

fa I Cohlains only a single winding per ilsltf phase f b) Lomums two windings pet stator phase 

(c) Contains four windings per stiilor plaasc id) None of these 

Which of the following is (are) Cnie jIkiliI nurtil.iFiy Open single pole relays? 

fu) The circuit remains open when ihe relay is not energised 

(b| The circuit remains dosed when the relay is energised 

(c) There are two output paths 

(dl HoiK(i)and |b) le) None of these 

What is the minimum number TO line r c l| uj: c>J to loledkc ll 3 6-Key nutria keyboard? 

fa) 16 |b) B (c) 4 (d) 9 

Which is ihe optimal row-column configuration for a 24 key rantrix kryboard7 

(a) 6x4 (b) 8x3 (c) 12x2 (d) 5x5 

Which of the following is an example for on-board interface in the embedded system context? 

(a) 12C lb) Bluetooth (c) SPI (d\ All of them 

(cl Only fa) and (c) 

What is the minimum number of interface lines required for impIrmentiTig I2C inlerfaCe? 

(a) J (b) 2 m 1 id) 4 

What ts the mmimum number of interface Lutes required for implementing bFL interface? 


(a) a 

(b) 3 

(c| 4 

(d) S 

Which of ihe following arc 

synchronous send interface? 



(u| I2C 

(b) SPI 

|c) UART 

(d) At! of ihnse 


(e) Only (a) and (b) 

RS-232 is a synchrciriotis icrial interface. State True or False 
(a) True (b) False 

WTitt is the maximum number of USB devices llv.it can be contteelod lo u USR hits.!? 

(A) Unlimited (b) 128 (c) 127 (d) Noncoflht*e 

In ihe ZigRce network, wfiich of ihi? following ZigBee 1 entity stores the rnfonnaEion about the network' 1 
(n) ZigBcc Coordinator |b) ZigBer Router 

(c) ZigBee Reduced Function Dev'iee (d) All of them 

WJuit is the thcordicnl maximum data rate vupptvricd by GPRS 

(a) SMbpi (b) 12Mbps (c) 100Kbps (d> 1717Kbps 

GPRS communication diviiles the raiSio clumncl into_timeslots 

(a) 2 (b) 3 (c) 5 (d.) 8 


c 



Review Questions 


lixpLom the component* OI a typical embedded ^ "Jem in dCttfil 

Which am the component* used a* the core of an embedded system? Explain the merits, drawbacks, if any, and ihe 
nppUcaEiom/dOmxmx where they Arc commonly Used 

What is Application Specific Inlcgratcd Circuit (ASIC)? Explain the role of ASIC In Embeddm) S>3tctr ile5ign ^, ' 
WhAt h ihe dincreuee between Application Specific Integrated Clrvuil l ASIC) Application Specific Stnmkird 
Product (ASSP)? 

What is ibe differance between micmjifaeeshor and mitrcconirnllei? Expl*m the role of miemproccisofs and 
controllers in embedded system design? 

Whit is Digital Signal Processor (DSP)? Explain Ihe role of DSP in embedded v-'sierti design? 

What is ibe di(Terence bciweeni RISC and CISC proccMors? Give an example fur each. 
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IQ 


N. Whal ii preKcsjur irekiteeture'' Win’ are the different processor urehi lectures available fur jiruces-sorteontrelkr 
design'* Give 3 ]] example for each. 

*t W'hai i< ihe tinferetisv Mu. ...'n htg-cndinn ind Imfe-endum processor? Give on example of ejeli 

10 Whal is Pnicmmin.ihtc Luorr Device ^ PLP>Whal arc the differem types of PLDi? Explain the role of PLDs in 
Embedded System design. 

11 Whai i* ihc difference between PLD and ASIC? 

12. Whit are the advanta^ of PLD over fixed fegie device? 

I 3 Whal arc the dillertnl 1 >ih l -. of mernmicv n^cd in Embedded Sy^eut design 1 Explmn the mk of each, 

14 Whit arc the different r pcs of memories ured for Program storage in Embedded System Desien r> 

15, Whal is die difference beiwcen Mocked ROM and OTP? 

I o What i h liie difl ermec bel w ca l PROM and EPROM? 

17. What lUl the adv antage- of FLASH over other program storage memory in Embedded System design? 
ifc What ij ihc difference bel w een RAM and ROM? 

I ^ What arc die differ fill ft |we of RAM used lor Embedded System design? 

20. U Jiil is memory dudowitig ? What is its advaninge? 

21. Wlu-c ii Sciiwr? Explain its t jIl- in Embedded System Design? llhotfale with an example 

22. What is Actuator? E'spbin its role in Embedded System Dengri? ILIuSlralc wiih an example. 

23 What is Embedded S-irmv. are ' Whal are the dillerem jppr&jehc& available for Embedded Firmware development? 

24, Whal is the difference* hriiMfen General Purpnsv Ifeocift-nr (GPP) nivd Application Specific Inslructinn Sel 
PiwcfiUrfASIPl Give an example tbrbnih 

25. Explain the concept cl l.oad Store architecture and irt-vtnuclitffi. pipelining. 

26 Expl ui n 1 he operation 0 r" Stntie RAM iSR A M) cell. 

27. Explain die merift and limiUUions of SRAM and DRAM as Random Access Memory. 

28. Sixplain the <|i[reran cl' between Serial Access* SIcjtiL» ry (SAM) raid Random Access Menmry (RAM) Give an 
example lor both. 

29. 1: xphtin the different factofs that needs to be considered in ihc election of memory for Embedded Systems. 

3d Explain ihc different types of FLASH memory and ibcir relative merits and dc-meriis. 

31. Explain lLic differ jeil Input ..nd ouiput subiviLetna of Lioileddcd Syslems. 

32 What is stepper motor? How fe u dilfctcni from ordinary de nwtnrT 

33. Explain Ihe role of Stepper motor in embedded applicaticu’is. with examples. 

34. r-xphin Ihc dil fercnl vicp ti lodes for lieppcr motor. 

35. Whut is Relay? Whirl are the different types, of relays available? Explain ihc rule of relay in embedded 
applications, 

36. Explain the operation of the transistor bflised Relay dnver circuit. 

37. Explain the operation of a Matrix Keyboard, 

38. What i* E‘ro^nunnuih3e Ifetiphcral Jmerfaee (I'PI) Device^ Lxplam ihe interfaem^ of S255 Pfi with an SbiL 
111 iefiiprocestorfeiinl mller, 

3?l. Explain the different on-board communication interfaces in brief. 

40, Explain the different exlcmal coinmuniaition interfaces, in brief. 

■11 Explain the sequence of operation forconimunicoting with an 12 C slave device. 

42, Explain the JirTcretieti between I2C und. SPI eummunfentiiui jnierfhce. 

43, Explain lhe sequence of operalion for communicating with a 1 - Wire slave device 

44, ExpLain the RS-232 C serial tntcrfacc in ttelail 

45 Explain the mcriu and limitation* of PamlleL pon over Sena! RS-23? interface 

46. Exp I ain the merits and 1 i mi tab ons 0 fl F EE 1394 interface over USB. 

47. Compare the operation of ZigBcc and Wi-Fi network. 

48. Explain ihc t*>fe of Rc^t uiieuit in Embedded Syxicm. 

49. Explain (he role of Rea! Time Clock (RTC) in Embedded Syalem. 

50. Explain the role of Wuichifefi Timer in lunbedded System. 
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Lab Assignments 


1. Write a 'C profnun 10 find the rjir/itumras of ihc processor m which the pnigram is running If ihe procesAor 

is big L/nJiart, pnnl “The processor archilrL'Tiire is Big ernh^n else print “1 he proces^r 3ti:hilenun; Little 
i-i-qiah' ntt the tuu-i c windovs ! vecute the prtiij.raiis ■►cp.u.itvLy dn a PC with Window:., Linux and MAI 
opcnatini; tyMom, 

2. Denw the inlerfaciiiH diitgrnm for correcting an T FT) tn the pMl pin *tf 4 nricfoecmtiulkr. The LED i* lumed ON 
when the mimKontmltcr port pin t* .it Logic h tl . Calculate the ncnutanco required to connect in senes with the 
LED for ihe fellow me dengn patumetm 

U LED voltjee drop on conduecine ■ J,?V 
[b» | [ Oaimnl niime 20 mA 
(c) Power Supply Voltage - 5V 

3. Design an RC {RedeAnHEapatilur) basedre&cl circuit f« prxinfudng an aciiic lu« i'i'iver-Otiteret pulviif width 
(J.l mill 1 seconds 

J. Design a 7cner diode ,irtd transistor based brown-mu proiectioti circuit wuli active low re^el piilse for tlic 
follow design pcLrametei - 
fa) l Jsc BC32 - PNP tramisme Rt ihc doitin 
i h flic supply n Llltairc to tile s} 4crt| is 5V 

(el I he resel poise u asserted w hen Ihe supply voltage falls belaiv 4.7V 












Characteristics and Quality Attributes 
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LEARNING OBJECTIVES 


S team the characteristics, describing on embedded system 

J team (Ae non-functionat iaQuii-:ments the: n„ , a ; tv he addn si ed n rfce design of on embedded system 

J team the important quality ottht ..f« of the emMfad rot roads to to addressed for the ctmvtionot mode 
(atdme mode) af the system* This ■ tuefe Response, Tmon^hput R<: sbiih, Naintamobitity, Security, Safely, 
etc. 

/ team the important quality attributes of the embedded syitem [Am fitrtfj to be addressed for the non-epemtionat 
mode (affine mode) of the j/rfra. This include: Tcstobiiry. Cattc-iaii;?* Ewiyabiiity, Portability, Time to proto* 
type and market, Per i/ml cost and {frrtnu it eti 

s Understand rte Product Life Cydt (PLQ 


No matter whether it is an embedded ot a non-embedded system, there will be a set of characteristics 
describing the system. The non-functional aspects Thai need to be addressed in embedded system design 
are commonly referred as quality attributes. Whenever you design an embedded system, the design 
should take into consideration of both the functional and non-functional aspects. The following topics 
give an overview of the characteristics and quality attributes of an embedded system. 

3. L CHARACTERISTICS OF AN EMBEDDED SYSTEM 

Unlike general purpose computing systems* embedded systems possess certain specific characteristics 
and these characteristics arc unique to each embedded system. Some of the important characteristics of 
an embedded system are: 

1. Application and domain specific 

2. Reactive and Real Time 

3. Operates in harsh environments 

4. Distributed 

5. Small size and weight 

6. Power concerns 
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3.1.1 Application and Domain Specific 

J f you closely observe any embedded system, you w ill find that each embedded system is having certain 
functions to perform and they Eire developed in such a manner lo do the intended functions only. They 
cannot be used for any other purpose. Ii is the major criterion w hich distinguishes an embedded system 
from a general purpose system. For example, you cannot replace the embedded control unit of your mi¬ 
crowave men with your an conditioner's embedded control unit, because the embedded control units of 
microwave oven and airconditiuner are specifically designed to perform certain specific tasks. Also you 
cannot replace an embedded control unit developed fora particular domain say telecom with another 
control unit designed to sen e another domain like consumer electronics. 

3.1.2 Reactive and Real Time 

As mentioned earlier, embedded systems are in constant interaction with the Real world through Sen¬ 
sors and user-defined input devices which arc connected to the input port of the system. Any changes 
happening in the Real world (which is called an Event) ore captured by the sensors or input devices in 
Real Tune and the control algorithm running inside the unit reacts in □ designed manner to bring the 
controlled output variables to the desired level. The event may be a periodic one or an unpredicted one. 
If the event is an lim predicted cue then such Systems should be designed in such a way dial it should be 
scheduled to capture the events without missing them. Embedded systems produce changes in output in 
response to the changes iti the inpuL. So they are generally referred as Reactive Systems. 

Real Time System operation means the timing behaviour of the system should be deterministic; 
meaning the system should respond to requests or tasks in a known amount of time. A Real Time system 
should not miss any deadlines for tasks or operations. It is not necessajy that all embedded systems 
should be Real Time in operations. Embedded applications or systems which are mission critical, like 
flight control systems. Anti lock Brake Systems (ABS). etc. are examples of Real Time systems. The 
design of an embedded Real time system should take the worst case scenario into consideration. 

3.1.3 Operates in Harsh Environment 

It is not necessary that all embedded systems should be deployed in controlled environments. The en¬ 
vironment in which !he embedded system deployed may be a dusly one or a high temperature zone or 
an area subject to vibrations and shock. Systems placed in such areas should be capable to withstand 
ah these adverse operating conditions. The design should tube care of the opera ling conditions of the 
area where the system is going to implement. For example, if the system needs lo be deployed in a high 
temperature zone, then all the components used in the system should be of high temperature grade. Here 
we cannot go !ur a compromise in cost. Also proper shock absorption techniques should be provided to 
systems which are going lo be commissioned in places subject lo high shock. Power supply fluctuations, 
corrosion and component aging, etc. are llie other factors that need lo be taken imo comddemfion for 
embedded systems to work in harsh cm iron men IS 

3.1.4 Distributed 

The lerm distributed means that embedded, systems may be a pan of larger systems. Many numbers of 
such distributed embedded systems form a single large embedded control unit. An automatic vending 
machine is a typical example for this, The vending machine contains a card reader (forpre-paid vend¬ 
ing systems), a vending unit, etc. Each of them arc independent embedded units but ihcy work together 
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us pgr farm the overall vending function. Another example is the Automatic TVIki Machine (ATM) 
\i. ATM contains js card reader embedded unit, responsible for reading and validating (he user’s ATM 
card, transaction unit for perfeumitig transactions, a currency counter for dispatching vending currency 
to the authorised person and a printer unit for printing the transaction Lk-mils We cun visualise ilrcse as 
independent embedded systems. Elm they work together let achieve a common goal. 

Another typical example ot a distributed embedded system is the Supervisory Control And Data 
Wijiu omui (SC \DA) system used in Control A: Instrumentation applications, which contains physi¬ 
cally distributed individual embedded control units connected to a supervisory module. 

3.1.5 Small Size and Weight 

Produel aesthetics rs an important factor in choosing a product. For example, when you plan to buy a 
new mobile phone, you may ui i kc a compand i ic study on the pros and corns of the products available in 
I he maikct Definitely the product aesthetics (size, weight, shape, style, etc,) will be one of the deciding 
iuelors k* choose a product. Pci>ple believe in the phrase "'Small is bcaulilul". Moreover it is convenient 
to handle a compact device than a bulky product, In embedded domain also compactness is a significant 
deciding fuel or, Most of the application demands small sized and low weight products. 

3.1.6 Power Concerns 

Power management is another important factor that needs to be considered iti designing embedded 
systems i imbedded systems should be designed in such a way as to minimise the heat dissipation by the 
sy sic in ] he p rixluc 1 1 on ot high amount of hea t donut ids coo I i ng icqo ircmci us hke cuu 1 1 ng tau s w iiich 
ui m n occupies .uklitmin! space and make (he system bulky, Nowadays ultra low pmver components 
are available in the market, Select the design according to Ihc low power components like low dropout 
regulators, and controllers processors with power saving modes. Also power management is a critical 
etuisrr.imt in batten rpci'-iied application. The more the power consumption the less is the battery life. 


3.2 QUALITY ATTRIBUTES Or EMBEDDED SYSTEMS 

Quality attributes are the non-functional requirements that need fo be documented properly in any sys¬ 
tem design. If the quality aiuibuics arc more concrete and measurable it w ill give a positive impact on 
ihc system development process and the end produce. Mie various quality attributes Ehal needs lo be 
addressed in any embedded system development arc broadly classiried into rwo. namely ‘Operational 
Quality Attributes' and + Non-Operational Quality Attributes'. 

3.2.1 Operational Quality Attributes 

Tile operational quality attributes represent Ihc relevant quality attributes related to the embedded sys¬ 
tem when it is in the operational mode or "online’ mode. The important quality attributes coming under 
this category are listed below , 

1. Response 

2. Throughput 
1, Reliability 

4. Maintainability 

5. Security 

6. Safety 


Charederistlcs and Quality Attributes ofEmbedded Systems 

3.2.1.1 Response Response is u measure of quickness of the system. I( gives you an idea about 
how fast your system is tracking the changes in input variables. Most of the embedded, systems demand 
fast response which should be almost Real Tune. Tor example, an embedded system deployed m flight 
control application should respond in a Real Time manner. Any response del ay in the system will cre¬ 
ate potential damages to the safety of the flight as well as the passengers. It is not necessary dun all 
embedded systems should be Real Time in response. Kor example, the response time requirement for 
an electronic toy is not at all (imc-crUical, There is no specilie deadline that this system should respond 
within this panic alar timeline, 

3.2.1.2 Throughput Throughput deals with the efficiency of a system. Iti general it can be defined 
as the rate of production or operation of a defined process over a stated period of lime. The rales cun be 
expressed in terms of units of products, batches produced, or arty other meaningful measurements. In 
the case of a Card Reader* throughput means how many transactions the Reader can perform in a minute 
or in an hour or in a day. Throughput is generally measured in terms of * Benchmark , A ’Benchmark' is 
a reference point by w hich something can be measured- Benchmark can be a set of performance criteria 
the I a product is expected to meet or a standard product that can be used for comparing other products 
of die same product line. 

3.2.1.3 Reliability Reliability is a measure of how much % you cun rely upon the proper function* 
lag of the system or what is the % susceptibility of the system lo failures. 

Mean Time Betw een Failures (MTBF) and Mean Time To Repair (MTTR) ore the terms used in de¬ 
fining system reliability, MTBF gives the frequency of fkilutes in houts/wteks/tnunths, MTTR specifies 
how long the xy -acm is allowed to be nut of order following a failure, For an embedded system with 
critical application need, it should be of the order of minutes. 

3.2.1.4 Maintainability Maintainability deals w ith support and maintenance to the end user or cli¬ 
ent in etixc of technical issues and product failures or on the basis of a routine s> stem checkup. Reliability 
and maintainability are considered as two complementary disciplines, A more reliable system means a 
system with less correct ive maintainability requirements and vice versa. As the rdi ability of the system 
increases, the chances of failure and non-functioning also reduces, thereby the need for maimainabil¬ 
ity is also reduced. Maintainability is closely related m the system availability. Maintainability can be 
broadly classified into two categories, namely. "Scheduled or Periodic Maintenance (preventive mainte¬ 
nance) 1 and 'Maintenance to unexpected failures (corrective maintenance)', Some embedded products 
may use consumable components or may contain components which arc subject lo wear and tenir and 
i!ie> *liuutd be rcphieed uti j periudie basis. The j)ei md may tie based oEi the total hours of the system us¬ 
age or the iota] output the system delivered, A printer is a typical example for illustrating the two types of 
maintainability An inkjet printer Uses ink cartridges, which arc consumable components and as per the 
printer manufacturer the end user should replace the cartridge after each V number of printouts to get 
quality prints This is an example for 'Scheduled or Periodic mu in ten mice If the paper feeding part 
of the printer fails the printer Tails to prim and it requires immediate repairs to rectify this problem. This 
is an example ot 'Maintenance to unexpected failure’. In both of ihc maintenances (scheduled and 
repair), the primer needs to be brought offline and during litis lime it wit] not be available for the user. 
Hence it lx obvious that maintainability is simply an indication of (he availability of the product for USC. 
In any embedded system design, the ideal value for availability is expressed a> 
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A i = MTBF/(MTBF + MTTRi 

where A x = Availability in the ideal condition, MTBF - Mean Time Between Failures, and MTTR = 
Me;-i Time To Repair 

3.2, i.S Security Confidentiality, integrity’, and 'Availability' (The term Availability' mentioned 
here is not related to the term 'Availability 1 mentioned under the ‘Maintainability* section) are the three 
major measures of in formal ion security. Confidentiality deals with the protection of Jala and application 
from unauthorised disclosure. Integrity deals with the protection of data and application from unautho¬ 
rised modification. Availability deals with protection of data and application from unauthorized users. 
A very good example of the 'Security' aspect in an embedded product is a Personal Digital Assistant 
(PDA). Tlie FDA am be either a shared resource Ic.g. PDAs used in LAB setups) or an individual 
one If it is a shared one there should be some mechanism in the form of a user name and password in 
access into a particular person’s profile T his is an example of‘Avallability'*. Also all data and applies- 
lions present in the PDA need not be accessible to all users. Some of them are specifically accessible to 
administrators only. For achieving this, Administrator and user levels of security should be implemented 
-An example or Confidentiality. Some data present in the PDA may be visible to all users but there may 
emu be necessary pec missions to tiller live data by the users, That is Read Only Access U allocated to all 
users An example of Integrity. 

3.2, i, 6 Safety ‘Safety’ anti ‘Security’ are two confusing terms. Sometimes you may feel both of 
them as a single attribute. But they represent two unique aspects in quality attributes. Safety deals with 
the possible damages ilini can happen in the o pernors. public and the envimmnefil due tolltc breakdown 
of an embedded system or due to the emission of radioactive or hazardous materials from the embedded 
products. The breakdown of an embedded system may occur due to a hard ware failure nr a firmware 
failure. Safety analysis is a must in product engineering in evaluate the untie bulled ill images and deter¬ 
mine the best course of action to bring dow n the consequences of the damages to an acceptable level. 
As slated before, some oi'Lhe safety threats are sudden (like product breakdown) and some of them are 
gradual (like hazardous emissions from the product). 

3.2.2 Non-Operational Quality Attributes 

The quality attributes that needs to be addressed for the product 'not 1 on the basis of operational aspects 
lire grouped under this category. The important quality attributes coming under ibis category are listed 
below. 

1. Testability & Debug-ability 

2. Fvotvubilily 

3. Portability 

4. Time to prototype and itwkcl 

5. Per unit and total cost. 

3.2.2, J Tkstability & Deibug-fljbi/jf/ Testability deals with Iujw easily one enn test his her design, 
application and by which means he she can test it. For an embedded product, testability is applicable 
tq both the embedded hardware and firmware. Embedded hardware testing ensures that the peripherals 
and the total hardware functions in the desired manner, whereas firmware testing ensures that the firm¬ 
ware is functioning in the expected way. Debug-ability is a means of debugging the product as such for 
figuring out die probable sources that create unexpected hchaviwir in the total system. Debug -ability 



has two aspects lit live embedded system development context, namely, hardware level debugging and 
firmware level debugging. Hardware debugging is Used for figuring oiil the issues created by hardware 
problems whereas firmware debugging is employed to figure out the probable errors that appear as a 
result or flaws in the linn ware 

3.2.2.2 Evolvability Evohability is a term which is closely related to Biology. Evohability is 
referred as the non-herliable variation. For an embedded system, the quality aitribute ‘Fvnlvnbihiy' 
refers lo the ease with which the embedded product [including firmware and hardware) can he modified 
to lake advantage of new firmw are or hardware technologies. 

3.2.2.3 Portability Portability is a measure oT'system independence*. An embedded product is said 
to be portable if flic product is capable of functioning 'as such 1 in various environments. largei proces¬ 
sors'controllers and embedded operating systems. The ease with which an embedded product can be 
ported on to a new platform is a direct measure of the re-work required. A standard embedded product 
should always he flexible am! portable. Eli ecnbeddcd products, the term "porting' represents the Tiiigry- 
tion of the embedded firmware w ritten Ibr one target processor (c.g. hud xH6) to a different target pro¬ 
cessor (say Hitachi MO processor). If the firmware is written in A high level language like *C lh with little 
target processor-specific functions (operating system extensions or compiler specific utilities), it is very 
easy in port the firmware for the new processor by replacing these 'target processor-specific functions' 
with the ones tor the new target processor and re-compiling the program for the new target processor- 
specific settings. Re-compiling die program for (lie new target processor generates the new target pro- 
cesxur-spedfic machine ctxles. If the firmware is written in Assembly Language fora particular family 
of processor fsny xfi6 fiiruily), it will be very difficult to translate the assembly language instructions to 
Che new target processor specific language and so the portability is poor. 

If you look into various programming languages fur application development lor desktop applica¬ 
tions, you will set- that certain applications developed un certain Ian gimmes run on!) on specific operat¬ 
ing systems and some of them nin independent of the desktop operating systems. For example, applica¬ 
tions developed using Microsoft technologies (c.g. Microsoft Visual C + - using Visual studio) is capable 
of running only on Microsoft platforms anti will not function on other operating systems; whereas 
applications developed using 'Java' from Sun Microsystems works on any operating system that 
supports Java standards. 

3.2.2.4 Time-to-Prototype and Market Time-lo-market is the time elapsed between the concep¬ 
tualisation of a product and die time at which the product is ready for selling (tor commercial product) 
or use (for luni-c ommerti.il products) Tlie comm ere ini embedded product market is highly competitive 
and time to market the product is U critical factor in the success of a commercial embedded product. 
There may be multiple players in ihe embedded industry who develop products of the same category 
(like mobile phone, portable media players, etc,} If you conic up with a new design and it it lakes tong 
rime to develop and market it, the competitor product may take advantage of it with their product. Also, 
embedded technology is one where rapid tedusology change is happening if you start your design by 
making use of a new technology and if it takes long time to develop and market the product, by the 
time you market the product, the technology might have superseded with a new technology. Product 
prototyping helps a lot hi reducing time-to-market. Whenever you have a product idea, you may mu be 
certain about the feasibility or the idea. Froioiyping is an informal kind ofraptd product development in 
which the important features of the product under consideration arc developed. The time to prototype is 
also another critical factor. If die prototype is developed faster, the actual estimated development time 
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can be brought dawn In order to shorten the lime to prototype, make use of all possible 

options like the use of off-ihe-she if components, rc-usablc assets, etc. 

3.2.2.5 Per Unil Cost and Revenue Cost is a factor which is closely mom to red by both end user 
(those who buy the product) and product manufacturer (those who build the product). Cost is a highly 
sensitive factor lor commercial products.. Any fdjlurO to position ihc cost of U commercial product at a 
nominal rate, may lead to the failure of the product in the market. Proper market study and cost benefit 
analysis should be earned out before taking a decision on the per-unit cost of the embedded product. 
From a desigtier.'produel development company perspective I he ufbmate aim of a product is to generate 
marginal profit. So die budget and total system cost should be properly balanced fo provide a marginal 
profit, Every embedded product has ■ product life cycle which starts with the design and development 
phase. The product idea general ion. prototyping* Roadmap deb nit ion. actual product design and devel¬ 
opment arc the activities curried out during this phase. During tiae design and development pEiase there 
is i 'iily invcsimeni and no remrm Once the product is ready to sell, it is introduced to the market. This 
stage is known as the Product Introduction stage. During the initial period the sales and revenue will 
be low. There won't be much competition and (lie producl stiles and revenue increases w till time, En the 
growth phase* the product grabs high market share. During the maturity phase, the growth and sales will 
be steady and the revenue reaches at its peak. The Product Rctircment/Dcd ine phase starts with the drop 
in sakw volume, market share and revenue, The decline happens due to various reasons like competition 
from winikir product with enhanced features or technology changes, etc. At some point of the decline 
slage r the manufacturer announces discontinuing of the product.. The different stages of the embedded 
products life c]. de-revenuc, unit cost and profit in each stage-are represented in the following Product 
Life-cycle graph. 



( Fig. i l) Product 111* cycJ* (Pt,C> cut** 

Fiom (he graph, it is clear that (he total revenue increases from the product introduction stage to the 
product maturity stage The revenue peaks at the malllrity stage and slarls falling in the dec line retire¬ 
ment singe. The unit cost is very high during the introductory stage (o typical example n edi phone; if 
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you buy a new model of cell phone during its launch lime, the price will be high and you will get the 
same inodd with a very reduced price aftci three or lour months of its launching). The profil ineraises 
with increase in sales and attains a steady value and then falls w ith a dip in sales. You can see a negative 
value for profit during die initial period, his because during die product dev do pruciu phase there is only 
investment and no returns. Profit occurs only w hen the total returns exceed the investment and operating 
cost 





Summary 


v There Calais a, set ufdaanirlrriMkv tt hkll nrc unique lu each embedded jyslcni. 

V tiiihedded svitems are application amJ domain specific* 

v* Quality attribalH of i system represents ^ non-funeluitial requirement* that need in he documented properly in 
any system des ign. 

S The uperaliimul quality iltributrs of an embedded system refers to the nun-fujKtiotuil requirements that need* 
to he considered tor the o^ntmmL mode of the system. Throughput, Reliability, Maintalftabithy, 

Security. Safety elt. are examples sif operational quality attributes. 

/ The non-opemiional qualify otinbutpi of mi ecnlteddeLl system refers no the non-funciioiiil reqairemenLs tlm 
need? to be considered for tlw nDn-opciatioml mode of llic system. Testability, debug-ability cvolvibility 
portability, lime-k^piotolypctuid murker, per milt cnsl and revenue,etc. jtc examples of non-operal boaI quality 
attributes 

J The product life cycle cone (f't.t i is the graphical rtprescriulton of ihe unit cosi* product s-iles and profit with 
respect 10 1 lire various liie cycle ‘>tige.s of (be product starting from conception lo disposal, 

/ For a commercial embttkktf pmduel. Hw unit cost if peak at die imtndircmry stage and il fails in The nucunty 
stage. 

S The rev c«ue of a commercial embedded product i* at the peak during the maturity sluge. 
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1. Imbedded systems arc application and domain specific. Stale Tr.:c 8r I line 


(j! True (b) False 

2. Which of e he following is troe about Embedded Systems? 

(aj Reactive and fteal Time (b) iiumhuted (c) U|vtaLc^ in harsh cnvirtmnKnl 

(dl AH nf thesr to) None nf these 

J. Which of the following 13 . * distributed embedded system? 

(a) Celt phone (b) Notebook Computer (e) 3CADA sy^crti (dp All of these 

(cl None of these 

4, Quality attributes or an embedded system are 

im) Functional requirement* (bp Nurt-fuiKiinnal requirements 

(c) Both fjf None of (hew 

5 . Respon.se ti n measure of 

top Quickness of The system (bjp How fas* the System track* Changes in Input 

(c) Both H&) None of these 

o. Hiruughpuc of an embedded system iv a measure of 

to> The efficiency of the system (b) The Output over a staled period of lime 

(c) Both (d) Nuac of these 

7, Benchmark is 

(i) A reference point fb| A sel of perfonnaikce criteria 

fc> to) or [bp (dp None of Elioc 

5, Mean Time Between Failures (VfTflF) and Mean Time To Repair fMTTR) define* ihc reliability oran embedded 
system- State True or Fa tit- 

fa) True (bp Fake 

9. MTRF pirn (he frequency of failure* of an embedded system, Stare True or False 

fa) True ibp False 

10. Which of (he fallowing is true about the quality attribute 'nairrtftiruibitity'V 

fa) The corrective maintainability requirement far a highly reliable embedded system is very lev; 

(b) AvfliEaNItty of *n embedded spicm is directly related to (he maintainability uf (Ik system 
to) Both of these 

I dp None of llwc 

] I, fhc Mean Time Between failure i MTBFJ fpf *n embedded product is very htgh. Tins means: 
fa] The product is highly reliable 
f b) The avajlahility of the product is very high 

to) The preventive mainicnnnec requirement for the product is very less 
fd) All of these 
|e) None uf ihtse 

12- The Mean Time Between Failure (M"TBFl of an embedded product N 4 months anil die Mean Time Tn Repair 
(MTFR) of the product -is 2 weeks. What n the availability of the product? 
to! lOMi (b) $0% (cl [dp 10% 

13. Which of the follow inp are the three measures of informal ion security in embedded sy stems? 

(a| Confidentiality. secrecy integrity (bp Conlideniistticy,integrity, availability 

(cp Confidentiality. transparency. availability (dp Integrity. transparency. availability 
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Id You arc working on a mission critical embedded uvsietn development project for a ebeut and the client and your 
company has signed □ No® Piselosurv AgrccmcBt (NDA) on the discEesure Of die project related infomlaiinn. You 
share die details of the project you arc working wiih your foetid. Which aapat of infor mal t on security you arc 
\ tolat mg Piere? 

fa) Integrity 4 bn Cotdhlehtiahiy (c) Avnilnbiltty (d] Nunc of these 

I > Which of she following is an example of 'gradual’ safety ttirenl from on embedded system? 

i a) product h but due to «\ erhcalmg of the battery lb) l J V emission fiwn i be embedded product 

(c) Both of these (dp None of these 

1 ft Noth opera lion j L qu.il 1 cy j rti 1 bulcx are 

(a) Noti-fafieiIot) 3 l requirements (hp Functional requirement a 

(c) Quality attributes for an offline product (dp (a 1 and (cp 

1 e | None of these 

17. Wh i ch uf the fallow iaipi is (atcp an opera! iona 1 4 mil it> a tt 11 hute? 

(a) Testability (bp Salcly (cp Debug-ability (dl Portability 

(c) All of these 

3 Which of the following is torel non‘Operational quality attribute? 

tot Reliability (bp Safety (cp Muirmtiiulirlity (dp Portability 

le) AllufthcM; (f) NoDcurihese 

1 ( P In She Informal ion security concent, Confideui ial Ely deals with the pnHcciionof data and application from itnauiho- 
rised disclosure. Stale I me or E’alse 
(a) True (b) FuJse 

ill. Whitt are the two di iTc tun 1 aspect* of debug-ability in the cmhodded system development content? 
top Hardware & firmware debug-ability tbp Firmware & Software debug-abilily 

(cp None of ihe»e 

21 For an embedded system, the quality attribute ‘tivoUability' refers !n 

(a) 1 he upgtudiib: Pity ol the pruducl (h \ the mudili abi In y id the ptoduel 

(cp Both of ihc&c (tt) None of these 

22. Ponphitity it a [Ucusiue of 'system independence' Suite True or False 
(a) Tree (bp Fb]*c 

2 }. For a curnmefcliil cmhcdtletl pn'du^t ihc unit i<n; ty tuypi during 

(ft) Proctnii laufichmg (b) Preduc! maturity 

(cp Product growth (dp Product diseinitinuiDp 

24 . For a commerdal cnilieikkid product die sitle:- volume is high dLinng 

(up PtiHiua launching (b) PukIuci maturity 

(cp Product growth (d) Produce divcontutuing 



Heriow Questions 


I Kv|i 1.1 . iei 11ve di (Tetc r: 1 clmmcteri of embedded sy >rei n> in de 1 a 11 

1 i-Aplain quality atlTibute in the ccnbeddd ayslcrm devdqpmefll cnnle\l ! Whal an; the Llitferent Quahly ultrihute^ 
to be eomidcred m an embedded tyvlem design. 

3 . What is operatic™! quality attribute? Explain ihe im|x>riant Dpcntaooal quality attributes to be considered in any 
embedded system design 

4 What 15 noti-opcnational quality attribute? lixplain the imps^rtant niTni-i'pcrtiLicHn.Ll quality altnbu(C5 to Ik- consid¬ 
ered in any embedded system dcrign 

5. hxplain the quality attribute Response in the embedded nyitcm design ccmirat 

fi Explain the quality attribute ttmughput in (he embedded iy item desten oomexr. 
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E%plam the quality oltribwie Reliability Lti ihc embedded system design context 
■ l ■. !' I a i i the quality uuntiui*. MuttttmnuMt/y m ihe embedded system design 

') The availability nr" in eir.kxkl.'.l produci is Wte. Tbo Mean Tine Between Failure (MTBF) Of ihc producl is 30 
days, w kui ii the Wem Time Tls Repair {MTTR) in daythnufs for the proditit? 

I *). | vplain ihe L|iiiijity uitntiuv hfonnathm Security in the embedded system design context, 

1 ' E xplain ihe quality ultribulc Sutcrv in the embedded system design context 

13, Explain the sigtiifleimce of the quaint aiinhuics Texruhttlty and Debug-ability in ihe embedded system design 
ccnitext, 

I vplnwi ihe quality airnhuv Ponabdfty in the embedded system design difitest. 

I 4 L Ip lai n tirv.r fi .. ni,iriff Whnl is lls signiheance in product development? 

15 l xplam 77rrj. -nt-fmth'tvfH 1 U'hat is iis signilicancc tn product development? 
i ■■ I \plam ihe fWu, i l.i/s-i i i h curve of an embedded product development 
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LEARNING OBJECTIVES 


^ Illustrate the dematn and application specific aspect of embedded systems with examples 
^ \. 70 kV (he presence of embedded system w a at emotive industry 

* team about High Speed ticctromc ConitX Units ■ HEffls) and La* Sp-ced f retTtouc Control Units (littit} employed 
in automobve applications 

X item about the Controller Area helwc-t (CAN), Local Interconnect Network fiSN J ard Media Qnented System 
Transport (MOST) wmmumcQtiw buses used in automotive applications 
X Know the semiconductor chip provider tools and platform pro-ciders amt ioiution providers fo- automatic* 
embedded applications 


As mentioned i n the prev ious chapter on the characteristics of embedded systems, embedded systems 
arc application and domain specific, meaning, they are specifically built for certain applications In cer¬ 
tain domains [ike consumer electronics, telecom, automotive, industrial control etc. In general purpose 
computing, it is possible to replace a system with another system which is closely matching with the 
existing system, whereas it is not the case with embedded systems. Embedded systems are highly spe¬ 
cialised in functioning and arc dedicated tor a specific application Hence it is not possible to replace 
an embedded system developed Tor a specific application in a specific domain with an Either embedded 
system designed for some other application m some other domain. The following sections are intended 
to give the readers some idea on the application and domain specific diaracteristj# of embedded 
systems. 

4,1 WASHING MACHINE—APPUCATION-SPECIFIC EMBEDDED 
SYSTEM 


People experience the pow er of embedded systems and enjoy the features and comfort provided by 
diem, but they arc totally unaware or ignorant of the intelligent embedded players working behind the 
products providing enhanced features and comfort, Washing machine is a typical example of an embed* 
ded system providing extensive support in home automation applications fhig. 4.1), 








M 
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As mentioned in an earlier chapter, an embedded 
system cun Him sensors. nvuulois. control unit nod ap¬ 
plication-specific user interfaces like keyboards, display 
units.etc. You can see all these componenis in a washing 
machine ilAou have .1 dusei look .nil. Some of them art 
visible and some of them m;r. be invisible to you. 

i lie actuator port of the washing machine to firsts of 
a motorised a mi.mm. tumble tub, amer drawing pump 
and inlet vaj% e to conirot the flow of water into the unit, 
fbe sensor pan consists uJ the water temperature sen- 
Mii level sensor, ele flic control part coniains a micro- 
processor/con trailer based board with interfaces to the 
seniors and actuator'- The sensor data is fed back to die 
control unit and die control unit concretes the necessary 
actuator oulputs The control unit also provides eonnee- 
livitv lu user interfaces like keypad for selling die wits h- 
mg time, selecting the type ol ni.mcrial 10 be washed 
like light, medium, heavs duly. etc. User feedback is 
reflected through the dismay unit and LblJs connected 
to the control board. The functional block diagram of a 
washing machine is sbpwti in Fig 4 . 2 . 



Fig. VlJ Washing Machine - Typlcai exunple 

d iA embedded sfatom 

(Photo eatimsy of Etoeizolux CaipcntiD-r 
f «ww etectreJu#. com/* -j )) 
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Fig. 4 .2 Wubtrtg machine - Functional block: diagram 
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Washing machine comes in two models, namely, lop loading and front loading machines In rop load¬ 
ing models the agitator of the machine twists back and forth and pulls the cloth down to the bottom of 
the lub. On reaching the bottom of the lub The dot ties work their way back up 10 the lop of the rob where 
the agiialor grabs |hcm again and repeals ihe mechanism. In I he iron! load i rig machines, the dollies ire 
tumbled and plunged into the water over and over again. This is the first phase of washing. 

In the second phase of washing, water i> pumped out from (he tuh ami the inner mb uses centrifugal 
force in wring out more water from the clothes by spinning at several hundred Rotations Per Minute 
(RPM). This is called a 'Spirt Phase'. If you look into the keyboard panel of your washing machine you 
can see three buttons namely* lf£isr/r + Spin and You can use these buttons to configure the washing 
stages. As you can see from the picture, the inner lub of the machine contains a number of hole* and 
during the spin cycle the inner tub spins, and forces the water out through these holes to die stationary 
outer lub from w hich it is drained off through the outlet pipe. 

It is to be noted thal (lie design oTwashing machines may van, from manufacturer to manufacturer, 
bin (he general principle underlying in the working of the washing machine remains, the same. The basic 
controls consist of a tinier, cycle selector mechanism, water Temperature selector load size selector and 
start button, The mechanism includes the motor, transmission, clutch, pump, agitator, inner tub, outer 
tub and writer inlet valve. Water inlet valve connects to the water supply line using at home and regulates 
the flow of water inlo the lub. 

The integrated control panel consists of a microprocessor controller based board wifh 10 interfaces 
and a control algorithm running in it. Input interface includes the keyboard which consists of wash type 
selector namely' Wash, Spin and fli ime, cltflh type selector namdy' Light, \fvdium, Heavy duty and 
washing time setting, etc. The output interlace consists of Lf:D/LCD displays, status indication LEDs t 
etc. connccled lo the I/O bits of the controller. It is to be noted that this interface may vnry from rtianu.- 
faclureno msmulhctuier and model lo model. The ottier types of I/O iniciTaLcs w hich arc invisible to the 
end user are ditferent kinds of sensor interfaces, namely, water temperature sensor, water level sensor, 
etc, and actuator interface including motor control for agitator and tub movement control, inlet waici 
flow control, etc. 


4. Z AUTOMOTIVE - DOMAIN-SPECIFIC EXAMPLES OF 
EMBEDDED SYSTEM 


The major application domains of embedded systems are consumer, industrial, automotive, telecom, 
elc., of which Iclccom and automotive industry holds a big market shore. 

Figure 4.3 gives an overview of the various types of electronic control units employed in automotive 
applications. 

4.Z. I Inner Workings of Automotive Embedded Systems 

Automotive embedded syslcms ;ire the one where el eetmnics take control over the mechanical systems. 
The presence of automotive embedded system in a vehicle varies from simple mirror and wiper con¬ 
trols to complex air bag controller and anti lock brake systems (ABS). Automotive embedded systems 
arc normally built around microcontrollers or LJSPs or a hybrid of the two and are generally known as 
Electronic Control Units lECUsk The number of embedded controllers in an ordinary vehicle varies 


*Nmn<; rimy depend inf eh tbf ntaitufaCBUfiir 
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1,1, Airbag cuntfu! 


M fowcf storing 


15 . Air corkiiliuntf 
I. Instrum^nlatiuji 


2. I'flglftc control 


12 Seal ccifiTFot 


II. Minii ami rot 

|[J Power wirukiu.% 


1. Fan control 


5. I tcadlamp control 


h Supemieri control 
7. Wiper control 


ft . ABS eoci'rol 


J. Fuel EEijncioit iMJiUixil 


("rig. 4.3 j Cmbi4d«<l ip tb antvnurtlxw 4ojTu*±n 

fMoto counts? at Honda SielCarhxhi n™isf«nrf«r^rfndw.P»n>J 


from 20 to 40 whcrcoi a luxury vehicle like Mercedes S uni] BMW 7 may coniain 75 to 100 numbers of 
embedded controllers, Government regulations on fiid economy, environ mental factors and emission 
standards and increasing customer demands on safety, comfort and infotainment forces the automotive 
munifa cl tires to opt fur sophisticated embedded control units within the vehicle. The first embedded 
system used in automotive application was the microprocessor based Tucl injection system imroduced 
by Volkswagen 1600 in 1968. 

Thc various types of elect runic com ml uitils (ECUs) used ill ihc automotive embedded industry can 
be broadly classified into two-High speed embedded control units and Low-speed embedded control 
units. 

4.2.LI High-speed Electronic Control Units (HECUs) High-speed electronic control units 
(HECUs) arc deployed in critical control units requiring last response, They include fuel injection 
systems, antilock brake systems, engine control, electronic throttle, steering controls, transmission 
control unit and centra! control unit. 

4.2.1,2 Low-speed Electronic Control Units (LECUs) Low-Speed Electronic Control 
Units (LECUs) are deployed in applications where response lime is not so critical They' generally 
arc built around low cost microprocessors mi croc on troUcrs and digital signal processors, Audio con¬ 
trollers, passenger and driver door locks, door glass controls (power windows), w iper control mirror 
control scat control systems, head lump and tail lamp controls, sun roof control unit etc. are examples 
of LECUs, 
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4.2.2 Automotive- Communication Buses 

Automotive applications make use of serial buses for communication, which greatly reduces the amount 
of w iting required inside a vehicle, The following section w ill give you an overview of the different 
types of serial interface buses deployed in automotive embedded applications. 

4.2.2.1 Controller Area Network (CAN) Ihc CAN bus w as originally proposed by Robert Bosch, 
pioneer in die Automotive embedded solution providers. It supports medium speed (150115 IP-class B 
with data rales up to 125 Kbps) and high speed | ISQl IM9H class C with data rales up to I Mbps) data 
transfer. CAM is an event-driven protocol interface with support for error handling in data iruiismission. 
It is generally employed in safety system like airbag control power train systems like engine control and 
Antilock Broke System (ABS); and navigation systems like GPS. The protocol format and interface sip 
plication development for CAN bus will be ck plained in detail in another volume of this book series. 

4.2 2 2 Local Interconnect Network (UN) LIN bus is a single master multiple slave (up to Eft 
independent slave nodes) communication interface. LIN is a low speed, single wire communication 
interface with support for data rules up to 20 Kbps and is used for sen sum actuator interfacing- UN bus 
follows the master communication triggering technique to eliminate the possible bus arbitration prob¬ 
lem that can occur by ihc simultaneous talking of different slave nodes connected to a single interface 
bus. LIN bus is employed m applications like mirror controls, fan controls, seal positioning controls, 
window controls, and position controls where response rime is not a critical issue, 

4.2.2.3 Media-OrientedSystem Transport (MOST) Bus The Media-oriented system transport 
(MOST) is targeted fur automotive audio/video equipment interlacing, used primarily in European cars. 
A MOST bus is a multimedia fibre-optic point-to-point netw ork implemented in a star, ting or daisy- 
chained topology over optical fibre cables, 1 he MOST bus specifications define the physical (electrical 
and optical parameters) layer us well as the application layer, network layer, and media access control 
MOS T bus is au optical fibre cable connected between the Electrical Optical Converter (HOC) and 
Optical Electrical Converter (OECL which would translate into the optical cable MOST bus. 

4.2.3 Key Players of the Automotive Embedded Market 

The key players of the automotive embedded market can be visualised in three verticals namely, silicon 
ptm iderj.. solution providers aiul Tools and platform providers. 

4.2,3* l Silicon Providers Silicon providers are responsible Tor providing ihc necessary chips w hich 
are used in the control application development. The chip may be a standard product like microcon¬ 
troller or DSP or AJX DAt chips. Some applications may require specific chips tinii they are manufac¬ 
tured as Application Specific Integrated Chip (ASIC). The leading silicon providers in the automotive 
industry arc: 

Analog Ilex ices r w w w.unalog.com): Provider of world class digital signal processing chips, precision 
analog microcontrollers, programmable incliriomder DCcdcrometer, LED drivers, etc, fur automotive 
signal processing applications, driver assistance systems, audio system. GPS/Navigatian system, etc. 

XlLLdx (www.xilinx.com): Supplier of high performance FFGAs, t’PLDs and Automotive specific IP 
cores for GPS navigation systems, driver information systems, distance control collision avoidance, 
rear seal entertainment, adaptive cruise control voice recognition, etc, 
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A tint I (www.airnd.com): Supplier or cukl-e flee live high-density Flash ccwifolferii and memories At- 
me! provides a series of high performance microcontrollers, namely, ARM* * \ AVft* : , and S0C5L A 
wide range of Application Specific Standard Froducts (ASSFsji tbr dlu^is, body electronics. iccuriiy, 
safety and car infotainment and automotive networking products for CAN. > IN and FIcsRh) are also 
supplied by Almcl. 

Mali mi Dallas {www.maximdc.comh Supplier of world class analog, digital and mixed signal products 
(Microcontrollers, ADCDAC, amplifiers. comparators, regulators. elci, RF components, etc, for all 
kinds of automotive solutions. 

Nsp semiconductor (www.nxp.com): Supplier of 8 UV32 Hash microcontrollers 

Kenesas {www.renesas.com): Provider of highspeed microccntK>lle«and Large Seale Integration (LSI) 
technology for ear navigation systems accommodating three transfer speeds: high, medium and Low. 

This Instruments {www.ti.com): Supplier of microcontrollers, digital signal processors nnd automo¬ 
tive communication control chips for Local Inter Connect (LIN) bus products. 

Fujitsu ( www.final-fmjtsu.crMn): Supplier of fingerprint sensors for security applications, graphic dis¬ 
play controller for instrumentation application. At IPS GPS for vehicle navigation system and different 
types of microcontrollers fair automotive control applications. 

Infineon (www.infincon.com): Supplier of high performance microcontrollers and customised applica¬ 
tion specific chips, 

NEC (www.nec.eo.jp): Provider of high performance microcontrollers, 

There arc lots of other silicon manufactures which provides various automotive support systems like 
power supply, sensors-’actuaiors. optoelectronics, etc. Describing alt of them is out of the scope of this 
book. Readers are requested to use the Internet for tiruling more information on them. 

4,2.3,2 Tools and Platform Providers Tools ,md platform prm ideis ure manufacturer* and suppli¬ 
ers of various kinds of development tools and Real Time Embedded Operating Systems for developing 
and debugging diHerent control unit related applications. Tools fall into two categories, namely embed¬ 
ded software application development tools nnd embedded lintdwiixc development tools. Sometimes the 
silicon suppliers provide the development suile for application development using rheir chip. Some third 
party suppliers may also provide development kits and Libraries, Some of the beading suppliers of tools 
and pi all onus in automotive embedded applications arc listed below. 

RNEA (www.enett.corn): Enen Embedded Technology is the developer of the DSF Real-Time operat¬ 
ing system. TheOSE RTOS supports both CPU and PSP and has also been .specially developed to sup¬ 
port multi-cure and fault-tolerant system development. 

The MathWorfits (www.matbworks.com): It is the world’s leading developer nnd supplier uf technical 
software. It offers a wide range of tools, consultancy and training for numeric computation, visualisa¬ 
tion. modelling and simulation across many different industries. Math Work s breakthrough product is 
MATLAB-a high-level programming language and environment Tor technical compu tation and numeri¬ 
cal analysis. Together MATLAB, SIMULINK, Stateflow and Real-Time Workshop provide top quality 
tools for data analysis, test & measurement, application development and deployment, image processing 
nnd development of dynamic and reactive systems for DSP and control applications 


ARM,*- :s the regtsSnctiiradciLuric of ARM Holdingi 

* AVI 1 3' the re^irtcml jradcrcuA of AtmH f ‘oiponttjiifl 
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Kril Software (wmkeil.com}: The Integrated Development Environment Kcii Microvision from Kctl 
software is a powerful embedded software design tool for R051 & Cl66 family of microcontrollers. 

Laulcrbach (hUp^/www.lauterbach.com.O 2 Ti is the world's number one supplier of debug tools, pro¬ 
viding support for processors from multiple silicon vendors in the automotive market. 

ARTISAN (www,artisan£W.coni): Is the leading supplier of collaborative modelling tools for require¬ 
ment analysis, specification, design and development of complex applications. 

Microsoft (www.miL-iLisoll.com): It is a platform provider for automotive embedded applications. 
Microsoft's Window sCH is a powerful RTOS platform for automotive applications. Automotive features 
are included in the new WinCE Version for providing support for automotive application developers, 

4.2.3-3 Solution Providers Solution providers supply OEM and complete solution For automotive 
applications making use of the chips, platforms and different development tools. The major players of 
this domain arc listed below. 

ftn.se h Automotive (w ww.boschindia.com): Bosch is providing complete automotive solution ranging 
from body electronics, diesel engine control, gasoline engine control, powertrain systems, safety systems, 
in-car navigation systems and infotainment systems. 

DENSO Automotive (www.globaldcnsoproducts.com): Denso is an Original Equipment Manufacturer 
(OEM) and solution provider for engine management, climate control, body electronics, driving control 
& safety, hybrid vehicles, embedded infotainment and cnmmmnc.itcons. 

Enfosys Technologies {www, infosys.com): Infosys isa solution provider for automotive embedded hard¬ 
ware and software. In Posy s provides the competitive edge in integrating technology change through cost- 
effective solutions. 

Delphi (www.delphi.com): Delphi is the complete solution provider for engine control, safety, infotain¬ 
ment, etc,, and OEM for spark plugs, bearings, etc. 

and many more. The list is incomplete. Describing all providers is out of the scope of this book. 




Summary 


V (imbedded stems deigned fur a perticulur npplJcatMn fur a specific dumjui l annul he replied u uh windier 
embedded system dengiKd fur anotiwr apphcaGicn far a different domain 

V t onsumcr. industrial. nuiumotitc. iclrcom. etc. are the major application domain* of embedded lyMerm I . II- 
com and automotive mdusm are the two segments holding ± big nsarker -.hire of embedded sy-fiem* 

V liE miu• nvc cunhcddc,! ny^unni im normally < mil aiv mil microe mi trull h. or IISIS 01 j hybrid i>f Ihe ham ,md 
an: generally known as Electronic ConlroI Units \ ECUs) 

v High speed Electronic Conirol Units ilI ECU si jic deployed in end cal conirol umb requiring; fast response, like 
fuel injection systems. a unlock brake system, etc. 

v Low speed Electronic Control Units (L ECUs j are deployed in appl nratinns where response time is not SO critical. 
They art generally built around low cost nucraprTCC^s^rs rnicrocontrollers and digital signal proceisors. Audio 
com roilrs. pas «e n per and dn ver ifaor h c- k s, dt w rIi»» contra I t T ci. c ate c \amp lev for 1 EG J 

V Automotive applications use serial buses for camrtunksiiDn. Controller Area Network (CAN), Local I ntercon- 
ncet Network (LIN). Media Orienled System Tnuispon rMOST) bu;'. etc. an: the important liuiomotivc eommu- 
nientiaa buses. 
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S CAN is pi event driven urul protocol interface with support for emir handling, in data tromnnssion. It is getter- 
ally employed in safety system, like airbag control, powertrain systems like engine control and Antilock Broke 
System^ (ABS> 

■f UN bos js 4 -single tnostci multiple stove (up lu i* independent slave node*) communication interlace. LIN a 
a Ifmv >[VcJ, milcLu -■ fnt eoinmun nation interface with support for data roles tip to 2QKbpi and is used for sen¬ 
ior. 4:, luntnr in icrfnci n y, 

v' The Media Oriented System Transport t MOS I \ bus h -.-iTgeted for automotive audio \ uleo equipment inicrfu: • 
Utg- MOST Til- ls a mullimedia fibic-uptit! puifU-n>-pail)| ntMWOlk mipleim: tiled Let a lot. ring i* daisy chained 
mptilupy ovei ojuiL-il fil--.-'. 

^ The key players of the aauorouti ve embedded market can be clarified mitt 'Silicon Provide™ - , 'Took and Plat¬ 
form Providers' and' Solution prouder* 
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Objective Questions 


1. 


2, 

1 . 

4 . 

5, 
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In Automolive systems, High-speed Electronic Control Units (HECUst are deployed m 

fa) Fuel injection systems fit) Ant i luck brake system.i 

(c) Power windows (d) Wiper contra] Iff Only (a] flnd(b) 

In Automotive systems. Low speed electronic control units (LECLY) are deployed in 

(a) Electronic ihroitEe (b j Steeling controls (e) Transmission control (il) VI in or control 

The first embedded system used in automotive application is the microprocessor basal fuel injection system intro¬ 


duced by_In 19S! 

(;0 BMW (b) Volkswagen 1600 (O Ben/ E Class (d) KIA 


L'AN bus is an event driven prorocol for communication. Slant True or false 
(*) True lb) Fake 


Which of the following scntil bus is (are) used for communication in Automotive Embedded Applications 1 ’ 


(a) Control lc: Area Network (CAN l 

(c) Mcdij OiicnLcd System TniiHptJrt (MOST} bus 

Which of the fallowing is true about LIN bus. 1 

(a) Single muter multiple slave interface 

(c) Used for wnsor/actumor interfacing 


(b> Local I mctcomicc t N dwarf (LIN) 

{<J> Ailofflwse (e| Noneofthese 


(b) Low speed uruil huf 
(dl All of these 


tel None of these 
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7, Which of the foil owing is true about MOST bus'. 1 

(at Used for automotive audio video syMerri iniertuang 

lb) | t is a fibre optic jwinMopoinr networt 

(c l It is implemented in slar. ring or dm sy churned topology 

(d) All of these (e) None of these 

S, Which of the fol lowing is (arc) example* rf of S iltcon providers for aulomtMive appl i eiitionN? 
fa) Mm irti'Dallas (b) Analog Devices (c) Xllitw (d) Amid 

(e) All of these (f) N one of these 


tSHi 


Review Questions 


1. Explain the rote of embedded systems in automotive domuLn 

2. Explain the different ekdmntu control units (ECUs) used in automotive systems. 

1 Explain die different eommunicarion buses used in automotive application 

4, Ciive tin overview of the different market players of the automotive embedded application donum. 
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LEARNING OBJECTIVES 


Undaritortd the different factOn that need to tri Considered while Minting a mkfOarntmlkf far Oil imbedded 
design 

Know why 8051 j popuiPr . • si« for taw cost law performance embedded system design 
Learn the A to l of 8051 microcontroller architecture 
Leirm the Internals of the 8051 micmcORtroUer 

Learn the program mernSFy urrd nternal data tremor/ organisation of 8051 

Learn the Paged Data -'em:. \ access and Von-fiettmcm memory model implementation far 8051 

Utttn about the organisation of lower 1?S bytes MW far data memory, upper i?5 bytes MW for Sflt entf upper 

HBbylei MM /b r /rr f not Oil a memory (1HAM) 

Learn rh?tr me CPU registers and general purpose registers of 8051 
l earn c6otr‘ tfte Oscii it or unit and speed of execution of 805 i 

Learn atom the different I/O ports, organisation of the ports, the internal implementation of the port pins, the 
Offerer t registers associated with the ports and the operation of ports 
i ■ am .. Jwift interrupts and its significance in embedded applications 

l earn at tat the Interrupt System of 8051, the interrupts supported by 8051, interrupt priorities, different registers 
associated m th configuring the interrupts. Interrupt Seiwce Routine and their vector address 
i corn trfcdiJT the Timer/Countwr units supported by SQ51 and configuring the Timer unit far Timer/Counter opera¬ 
tion. Le&m the different registers associated with timer units and the different modes of operations supported by 

Timcr/Counter units 

Lhjftf ckw: the Serial Part of the 8051, the different cantwi status and data registers associated with it 
ticrrr the differed l modes of operations supported by the Serial port and setting the baudmie far each mode 
Learn about the Powtr-On Reset circuit implementation far 8051 
Learn about the different power idviny modes supported by 8051 
item the difference between 3051 and 8058 


A recent survey on the microcontroller industry reveals that Hbit microcontrollers accouni for mere than 
40% of the total sales in the microcontroller industry, Among the Kbit microcnnlrollers. the H05I family 
is the most popular, cost effective and versatile device offering extensive support in the embedded appli- 


m 
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catkin domain. Looking buck to the history of microcontrollers you can find (hat the Kbit microcontroller 
industry has travelled a lot From its first popular model HO.UAH built by Intel in 1477 Lu the advanced 
Sbit microcontroller built by Maxim; Dallas recently, which offers high performance 4 Clock. 75MHz 
operation ROfl microcontroller core (Remember the original KfiM core was 12 Clock with support for 
•p maximum system clock of 6MHz, so a performance improvement of 3 times on the original version 
in execution) w ith extensive support for networking by integrating M) EfM> Ethernet MAC with IEEE 
802.3 MMl, CAN bus for automotive application support, RS-T32 C interface for legacy serial applica¬ 
tions, SP1 serial interface for board level device interconnect, I-wire interface for connecting to low 
cost multi-drop sensors and actuators, and I6V1I3 addressing space for code and data memory. 

5,1 FACTORS TO BE CONSIDERED IN SELECTING A CONTROLLER 

Selection of a microcontroller for any application depends on wmc design Factors. A good designer 
finalises his selection based on a comparative study of the design Factor*. The important factors to be 
considered in the selection process of a microcontroller arc listed below. 

5.1.1 Feature Set 

The important queries related to the feature set arc; Does die microcontroller support all the peripherals 
required by the application. say serial interface, parallel interface, etc.7 Docs it satisfy the general 1(3 
port requirements by the application? Does the controller support sufficient number of timers and coun¬ 
ters? Does the controller support built-in AJX7DAC hardware in case of signal processing applications? 
Does the controller provide the required performance? 

5.1.2 Speed of Operation 

Speed of upe ration or performance of the coitl roller is another important desip factor. Hie number 
of docks required per instruction cycle and the maximum operating clock frequency supported Hy the 
processor greatly affects (lie speed of operation of the controller. The speed of operation of the controller 
h usually expressed in terms of million instruct iou.v per second (MIPS). 

5.1.3 Code Memory Space 

If the target ptocessor/conJrollcT application ts written in C’ or any other high level language, docs the 
controller support sufficient code memory space to hold t he compiled hex code (in ease of coni rollers 
with internal code memory 1? 

5.1.4 Data Memory Space 

Docs Ihc controller support sufficient internal data memory (on chip RAVh to hold run time variables 
and data structures? 



5.1.5 Development Support 

Development support is another important factor fur consideration. It deals with-Docs the controller 
manufacture provide cost-effective development tools? Does the manufacture provide product samples 
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for prototyping and sample development stuffs to alleviate the development pains? Docs the controller 
support third party development tools? Does the manufacture provide technical support if necessary? 

5.1.6 Availability 

Availability is another important factor that should be Taken into account Ibr the selection process- Since 
the product is entirely dependent on the controller, the product development lime and lime to market the 
product solely depends on its availability. By technical temns it is referred to as Lead time. Lead time is 
the time elapsed between the purchase order approval and the supply of the product 

5.1.7 Power Consumption 

The power consumption of the controller should be minimal. It is a crucial factor since high power 
requirement leads to bulky power supply designs. The high power dissipation also demands Tor cool¬ 
ing fans and it w ill make the overall system messy and expensive. Controllers should support idle and 
powerdown modes of operation to reduce power consumption. 

5-1.B Cost 

Last but not least, cost is a big deciding factor in selecting a controller. The cost should be within the 
reachable limi t of the end user and the targeted user should not be high tech, Remember the ultimate aim 
of a product is to gain marginal benefit, 

5.2 WHY SOSl MICROCONTROLLER 

8031 is a very versatile microcontroller featuring powerful Boolean processor which supports bit manip¬ 
ulation in.'rtructions forieal time industrial control applications. The standard ftOSt architecture supports 
6 interrupts (2 external interrupts, 2 timer interrupts and 2 serial imemipisL two I6bil (intro, counters, 
32 I/O lines and a programmable lull duplex serial interface, Another fascinating feature Of 8051 is the 
way it handles interrupts, The interrupts have two priority levels and each interrupt is allocated lixed H 
bytes of code memory. This approach is very efficient in real time application. Though $951 is invented 
by hud. today it is available in the market from more than 20 vendors and with more than I GO variants 
of the original $051 flavour, supporting CAN, USB, SPJ and TCP IP interfaces, integrated ADC DAC. 
LCD Controller and extended number of I/O ports. Another remarkable feature of 805J is its low cost. 
The 8051 Rash microcontroller {AT89C5I) from Atmel is available in the market for less Thun ILSS per 
piece. So imagine its cost for high volume purchases. 

5*3 DESIGNING WITH 8051 


5.3.1 The SOS I Architecture 

The basic 805 i architecture consist of an Kbit CPU with Boolean processing capability, oscillator driver 
unit. 4K bytes of on-chip program memory, I2R by tes of internal data memory, 128 bytes of special 
function register memory area, 32 general purpose I/O lines organised into four Bbit bi-directional pons, 
two I6bit timer units and a full duplex programmable UART for serial data transmission with configu¬ 
rable boudmles. Figure 5,1 illustrates the basic 8051 architecture. 
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5.3.2 The Memory Organisation 

8051 is buili around the Harvard processor architecture. The program and dam memory of 805i is 
logically separated and they physically reside separately, Separate address spaces arc assigned for data 
memory and program memory. 8051'$ address bus is 16bit wide and it can address up to 64KB (2 |fc ) 
memory, 

5- 3.2.1 The Program (Code) Memory The basic 805 / architecture provides lowest 4K bylcs 
of program memory ns on-chip memory (built-in chip memory). In 80.U, ihe ROM I ess counterpart of 
8051, all program memory is external To the chip. Sw itching between the internal program memory and 
external program memory is accomplished by changing (he lo^ic level of the pin External Access (EAV). 
Tying HA - pin to logic I (T r ), configures the chip to execute instructions from program memory up to 
-IK. (program memory locution up to OFFFHt from intemal memory and 4K. (program memory location 
from 1 nnoi I) onwards from external memory, w hile connecting RA pin to logic O(GND) configures ihe 
chip la external program execution mode, where ihe enure code memory is executed from the external 
memory. Remember External Access pin is an active low pin (Normally referred as EA ), The control 
signal for external program memory execution is PSTN i Program Strobe Enable). For internal program 
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memory fetches PSFN' is not activated. For 8031 controller without on-chip memory, the PSFN\ signal 
is always activated during program memory execution. The External Access pin (EAV) configuration 
and the corresponding code memory access art illustrated in Fig. 5,2. 
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warn 
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l:\lcm-4 piti^rnni 

External pm^nm 


memory 
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{OfT-Cfaip ROM) 

1Q0QI1 



OFFFH 

Inlfirul program 


Qmn 

memory 

i Oh-Chip ROM) 


EA\ - 0 HA\ ■ I 

E*(mwl prtjsrtm I memo! program 

memory access memory access 

[fig. Bj) SCSI FHfltM mcnwn eiyulttUeB 

If the program memory is external. 16 I/O lines arc used for accessing the external memory. Port 0 
and Port 2 are used for eternal memory accessing. Port 0 serves as multiplexed address data bus for 
external program memory access. Similar lo Lhe 8085 micro process or. Port 0 emits the lower order 
address first. This can be [niched lo an 8bit external latch with the Address Latch Finable (ALE) signal 
emitted by 805 L Once the address outing es over, Pon 0 functions as input port for data transfer from 
the corresponding memory locahuu. 1 lie address from which the program instruct ion to be felched is 
supplied by lhe 16bit register. Program Counter (PC), w hich is part of the CPU, The Program Counter is 
a 16bit register made up of two 8bil registers. The lower order byte of program counter register is held 
by Lhe PCL register and higher order by the PCH register. PCL and PCE 3 in combination serve as a 16bi( 
register. During external program memory fetching. Port 0 emits the contents of PCL and Pon 2 emits 
the contents of F*CH register, Port 0 emits the contents of PCL only for a Fixed duration allowing the 
external latch to hold the content on arrival of the ALE signal. Afterwards Port 0 goes into high imped 
ante state, w aiting for the arrival oTdata fiotn the corresponding memory location of external memory. 
Whereas Port 2 continues emitting the contents of PCH register throughout lhe external memory fetch. 
Dm c fti PSl'N signal is active, data from the program memory is docked into Port 0. Remember, dur¬ 
ing external program memory access Port 0 and Pon 2 are dedicated for it and cannoi be used as general 
purpose I/O ports. The interfacing of an external program memory chip is illustrated in Fig, 5.3. 

5,3,2,2 The Data Memory The basic SOS 1 architecture supports 128 bytes of internal data memory 
and 128 bytes of Special Function Register memory. Special Function Register memory is not avail¬ 
able for the user for general data memory applications. The address range for internal user data memory 
is GOH to 7FH, Special Function Registers are residing at memory area 8QH lo FFH, 805J supports 
interface for 64 Kbytes of external data memory. The control signals used fur external data memory 



[fig. B..3J ffUIJ Exlarul Program Memary chip (ROM) interfacing 

access arc RD\ atjd WR and the 16b it register holding the address of external data memory address to 
be accessed is Data Pointer (DPTR). Similar lo the Program Counter, the Data Pointer is also made up 
of two Kbit registers, namely, DPL (holding rhe lower order Kbit) and DPH (holding Lhe higher order 
Kbit). The program counter is not accessible to the user whereas DPTR is accessible to the user and the 
coni cuts of DPTR register can be modified. In external daia memory operations, Port ft emits the content 
of DPL and Port 2 emits the content of DPH. Port 0 is address'data multiplexed in external data memory 
operations also. The internal and external data memory model of 8051 is diagrammatical tv represented 
in Fig 5A 
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Interna I data memory addresses are always one byte long. So it can accommodate up to 256 bytes 
of internal data memory (Ranging from 0 to 255). However the addressing techniques used in 8051 
eon accommodate 384 bytes using a simple memory addressing technique. The technique is: Direct 
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addressing of data memory greater than 7FH will access oik memory space, namely Special Function 
Register memory anti indirect addressing of memory address greater than 7FII will access another 
memory space, the upper 123 bytes of data memory (Direct and indirect memory addressing will be dis¬ 
cussed in detail in a later section). Remember these technique* will work only if the upper Jj£ll memory 
is physically implemented in the chip. The basic version of SOS1 docs not implement the upper data 
memory physically, However the 8052 family implements the upper data memory physically in the chip 
and so the tipper 128 byte memory is also available for the user as general purpose memory, if accessed 
through indirect addressing. 

External data memory address can he either one or two bytes long. As described earlier, Ron U emits 
the lower order Mbit address and, if the memory address is two bytes and if it ranges up to 64 K. die entire 
bits of Port 2 is used for holding the higher order value of data memory address. If the memory range 
is 32K, only 7 bits of Port 2 is required for addressing the memory, For 16K. only 6 tines of Port 2 are 
required for interfacing ami soon. Thereby you can save some port pins of Port 2 The interfacing of an 
external data memory chip is illustrated Pig, 5.5, 



(Fig. 5-.5J Extuu] Otti menury twm 


S.3.2.3 Paged Data Memory Access In paged mode addressing, the memory is arranged like the 
lines of a notebook. The notebook may contain UK) to 200 pages and each page may contain a fixed 
dumber of lines. You can access a specific lino by knowing its page number and the lino number. Mem¬ 
ory can also arrange like the lines of a notebook By using Kbit address, memnry up to 256 bytes can be 
accessed. Imagine the situation where the memory is stacked of 256 bytes each. You can use pom pins 
(High order address rule) to signal the page number and e|il* lower order N bits to indicate (be memory 
location corresponding to that page. 

For example, take the case where paging is done using the port pin P2.Q and port t) is used for holding 
the lower address. The memory range w?U be 
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5.3.2.4 The Vbn-Neumann Memory Model for 8051 The code memory and data memory of 
&051 can be combined together to giv’e the Von-Neumann architectural benefit for $051 A single mem¬ 
ory chip with read write option can he used for this The program memory can be allocated to the tower 
memory space starting from OUUOH and data memory can be assigned to some other specific area after 
the code memory For program memory retching and data memory read operations combine the PSEN 
and RD signals using an AND gate and connect it to the Output Enable (QE j signal of the memory 
chip us shown m Fig. 5.6. 



| fig. 5.6 Combining Code memory ind Data memory 


The Vbn-Neumann memory model is very helpful in evaluation boards For the controller, which 
allows modification of code memory on the fly. The major draw backs of using a single chip lor program 
and data memory are 

* Accidental comipiaon of program memory 

* Reduction in total memory space. In separate program and data memory model the total available 
memory is I2SKH (64KB program memory - 64KB Data memory) whereas in the combined 
model the total available memory is only 64KB 

$,3,2,5 Lower 128 Byte Internal Data Memory (RAM) Organisation This memory area is 
volatile; meaning the contents of these locations site not retained on power lose. On power tip these 
memory locations contain random data. The lowest 32 bytes of RAM (OOH to 1FH) arc grouped into 4 
banks of 8 registers each These registers are known as Rri to R 7 registers which are used as temporary 
data storage registers during program execution The effective usage or these registers reduces the code 
memory requirement since register instructions arc shorter than direct memory addressing instructions. 
The next 16 bytes of RAM with address 20H to 2FH is a bit addressable memory urea. It accommodates 
121 bits (16 byics *8), which can be accessed by direct bit addressing. The address of bits ranges from 
00K to 7FH, This is very useful since 8051 is providing extensive support for Boolean operations t Bit 
Manipulation Operations). Also it saves memory since flag variables carl be set up with these bits and 















































Introduction to Embedded Systems 


100 


there is no need to waste one full byte of memory far setting up a flag variable These 16 bytes van also 
be used as byte variables. The context in which these bytes arc used as either bylc variable or bil vari¬ 
able is determined by the type of instruction, If the instruction is a bit manipulation instruction and the 
operand is given as a direct address in the range UOH to 7FH, it is treated as a bil variable The tower ! 28 
bytes of internal RAM for 8051 family members is organised as shown in Fig. 5.7. 



Scratchpad RAM 
W3 bytes 30H 7FH 


Bil addressable area 
(Dit cuidffthL-^ £XW)7JI 
16 bytes 2UH -2FH 


a hanks of K register* KCTH7 
32 bytes OOK lb'll 


["FSq. 3.7) tatmil lUbpv* utlonti vrdar dili memory orgullttliii 


Remember the byte-wise storage and bitwise storage in the area 201 i (o2Hl shares a common physi- 
cal memory area and you cannot use this for both bylc storage and bit storage simultaneously. If you do 
so. depending on the usage; the byte variables and bit variables may get corrupted and it may produce 
unpredicted results in your application. This is explained more precisely using the following table. 
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DO. 01* B3 .,.B7 represents the bit addresses. Now let’s have a look al the following piece of 
Assembly code: 


OS 7 0 D 0 Ci II 
Ullz t E3H 
OP." OQIBOH 
MOV 20K, 

SETS OIK 

MOV 20i\ t I OF OH 

EUD 


i Ho sot Vector, Assembler directivr 
i Jwap to Location 00BOH* Avoid conflicts in 13 H Code 
1 I. a cation OOt-QH* As scPb le s d J s-ci - ve 
; Clisar r^nory 1 : cation 20K 
; Store logic 1 in bit addroEJS 01H. 

; Lead iteriory location 20H siith FDH 
1 End Of pi car ip-.* fia6e;nblei directive 


I his piece of assembly code sets the bit with bu address QLH and loads the memory' location 20H 
with value FON. Don’t worry about the different instruct ions used here. We will discuss about the 8051 
instruction set in a later chapter. The MOV 2 OH, #00H instruction clears the memory location 20H. The 
SETS 01H instruction stores logic 1 in the bit address 01 hi. Tn reality the bit address 01 H is the bit I of 
the memory location painted by address 20H. Executing the instruction SETB 01H changes the contents 
of memory local ion 20H to 02H (OOODOOlOb. Only bil I is in logic I slate) The instruction MOV 20 fi, 
UFOH alters the content of memory' location 2011 with FOU (111 10000b). Tins overwrites the informa¬ 
tion held by bil address 01 H and lends to data corruption. So be careful while using bitwise storage and 
byte-wise storage simultaneously 

The next 80 bytes of RAM with address .space 30EI to 7FFI is used us general purpose scratch¬ 
pad RAM Though memory spaces GDH to 2FH have specific usage, they can also be used as general 
purpose scratchpad (Read Write) RAM The lower 128 byte RAM can be accessed by either direct 
addressing or indirect addressing. 


5.3. 2.G The Upper 128 bytes RnM (Sp ecial Punch on Registers 7 The uppe r 1 28 bytes of K AM 
when accessed by direct addressing, accesses (he Special Function Registers (SFRs)« SFRs include port 
latches, status and control bits, timer control and value registers, CPU registers, stack pointer, accumula¬ 
tor. etc. Some of the SFR registers arc only byte level accessible and some of them are both byte- wise 
and bit-wise accessible SFR.s with address ends in fill and fill are both bit level and hyte level acces¬ 
sible, In the standard. K05 I architecture, among the 128 bytes, only a few bytes are occupied by the SFR 
and the rest arc left unused and arc reserved for future implementations. The table given below explains 
the SFR implementation for standard ROSf architecture. 


Memory 

Vdilrviv 

M H Same 

Memory 

Ailtln-i^ 

SKR Name 

Memory 

\d4r(lt 

M\K N4im‘ 

son 

Pun ri 

iah 

Tl 0 

A OH 

Port 2 

Sill 

SP 

SBlt 

TL! 

Am 

IE 

SIN 

l>PI. 

KCII 

THO 

DEI] 1 

Port 3 

K3H 

DPH 

SU>H 

THl 

mi 

IP 

87H 

PCON 

9I1H 

Port L 

DOH 

psw 

BSH 

ICON 

9811 

SCON 

BOH 

A 

Mil 

TMOD 

99 JJ 

SBU1 

FOH 

D 





















fa Jrpducnoii to Embedded System* 


SFR memory is not available to (he user for general purpose scratchpad RAM usage, However the 
user can modify ihe contents of some of (he SFR according io (lie program requirement. Some of the 
SFRs are Read Only. Some of the SFR memory spaces ore not implemented in the basic HO? I version, 
They are reserved for future use and users arc instructed riot to do anything with this reserved SFR 
space. Reading from the uni implemented SFR memory address returns random data and writing to this 
memory location will not produce any effect. Each of the SFRi will be discussed m detail in the sections 
covering their usage. 

5. 3.2.1 Upper 128 Bytes of Scratchpad RAM (IRAM) Variants of SOS I and the 8052 architec¬ 
ture w here the upper 128 hues uf RAM are physically implemented in the chip can be used as general 
purpose scratchpad RAM by indirect addressing. They arc generally known us I RAM. The address of 
TRAM ranges from SOU to FFII and the access is indirect. Registers R(1 and RI are used for indirect ad¬ 
dressing. For example, for accessing the 3 RAM located at address 80 H. load ROor R] with HOH and use 
the indirect memory access instruct] oil The folio whig piece of assembly code illustrates the same. 

MOV ROjlSOH ; Load I RAM address 8GH In indirect register 

MOV A* PRO ? Load Accumulator with IRAM conten^ at address 0OH 

5.3.3 Registers 

Registers of 8051 can be bruudly classified into CPU Registers and Scratchpad Registers 

5.3.3. 1 CPU Registers Accumulator, H register, Program Status Word |P£W) h Stack Pointer (SP), 
Data Pointer (DPTR, Combination of DPL and DPHh nrvd Program Counter (PC) constitute the CPU 
registers. They are described in detail below. 

Aceumu/ator (ACC) (SFH-EOH) it is the most important CPU register which acts as the heart of ali 
CPU related Arithmetic operations. Accumulator is an implicit operand in most ol the arithmetic opera¬ 
tions, Accumulator is a bit addressable register 

ACC7 ACC,* ACCS ACC.4 ACC.3 ACCJ ACC.l ACC.O 

B Register (STR-FOH) It is a CPI register that acts as an operand in multiply and division operations. 
It also stores the remainder in division and MSB in multiplication Instruction. R can nko he used as a 
general purpose register for pmgrnmming- 

Program Status Word (P$W) (SFTl DOH) || is an S-bit, bit addressable Special Function register 
signalling ihe stains of accumulator related operations and register bank selector lor the scratch pad 
registers RO to R7. The bit details of PSW register is given below. 


pswa 

PSW6 | 

FSW,5 

PNVV.4 

PSW.J 

PSW.1 

PSVVl 

PSW.O 

CY 

AC 

FO 

RSI 

RSfl 

ov 


p 


The table given below explains the meaning and use of each bit 


Bit 

Ntnw 

PS|ilfliiBtian 

CY 

Carry (fag 

Sets when a carry occurs on the addition of two S-hii numbers or when a borrow 
avcurn tm the su-bEnietinn of (wo 8 -bil numbers. 

AC 

AuxiMiiy cany flag 

Sets u hen a cany generated rod of hit 3 foil inde; shirt* from Q) on addition 


m 
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FO 

Flag <1 

(ijr-.-nd purjwt'.- Userrn-vgluminutilc tUg fPSVl 5l 

OV 

Over flow 

Sets when overflow occurs. 0\ u, j: d there is scam out of hit Ohut noi out of 
hit”. ■»! a can-, -out of hit 7 but not hit h; oibervuvc OV is cleared. When :• lIlIfii l- 
sj^jied integer*. OV i uihcuk: ? a negative niultlxi |n uiim-cJ the >um ul (Wu 

l.- operands, or j positive ^um from iwo ncgulive operands 

p 

P&nly flag 

Set or cleared Ln hardw are each i attraction cycle u indicate rm i,*id or cvcti number 
of Is in the UCeumulaiur, 'F is Set (o 3 if the number of b in the accumulator 
Content i* ihIJ e’-c L'CH-l lo U 

PSVV.I 

GcnctaJ rhig 

S i pio^ranmialrte genet at putpo^c hii 

RSO 

Register honk selector 

The bit status and bank selected i a green in the fallowing table 

RS] 


The following table illustrates the possible combinations for the register hank select hits, the cor¬ 
responding register batik number and the address lor the scratchpad registers R0-R7 in the specified 


register bank. 

RSI 

HSG 

Register Rank 

RcgbLtr Address 

0 

0 

It 

KMikt ini 

Q 

l 

t 

LlHH-hHI 

i 

0 

2 

ton-rti 

t 

3 

i 

WMFH 


The power-on reset v alue for the hit. 1 ; RS! and RS’ are 0 and the default register hank for scratchpad 
registers RO to R7 is 0 and the address range for R0 to R7 is 00H to 07H. A programmer cun change the 
register bank by changing the values of RS! and RSO. The following piece of assembly code illustrates 
the selection of bank 2 for the scratchpad, registers RO to R7, 

CLR RSO ; Clear bit R3l 

SETS hSI ; Set bit RSI« Bank 2 is selected 

Data Pointer (DPTR) (DPL: STR-82R r DPH: SFR-83H) R is a combination of tw o 8-bil register 
namely DPL (Low er 8-bit holder of DPTR) and DPH (Higher order Kbit bolder of DPTR), DPTR holds 
the 16-bit address of the external memory to be read or written in external data memory' operations. DPH 
and DPL can be used as twa independent 8"bit general purpose registers Ibr application programming. 

Ingram Counter f PC) It is a 16-hit refoster holding the address of the code memory' to be fetched. 
It is an integral part oT the CPU and it is hidden from the programmer (It is not accessible to the pro¬ 
grammer). 

Stack Pointer (SP) fSTK-BJff) It is an 8-bit register holding (he current address of slack memory. 
Stack memory stores the program counter address, other memory and register values during a sub rou¬ 
tine'function call On power on reset (lie slack pointer register value is set as 07H. The si:ivk pointer 
address and bank 0. address of R^ is same when the controller is ai reset, so care should be token for 
selecting SP address, h is the responsibility of the programmer to assign sufficient slack memory by 
entering the starting address of slack into the Stack Pointer register. Care should be taken to a void Ihe 
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overflow of slacks and merging of slack memory with data memory. Hi is will resuli in uri-pr edit: led 
program flow. The stack grow s up in memory. 

5, 3,3,2 Scratchpad Registers (RO to R?) The scratchpad registers RO to R7 is located in the lower 
32 bytes of internal RAM, It cart be on one of the Four banks, which is selected by the register selector 
bits RSO and RSI oT the PSW register On power on reset, by default, RSO and RSI are G and the default 
bank selected is bank 0 There are eight scratchpad registers and they are named as Rib R1...R7. The 
register names and their memory address corresponding to bank 0 arc given below. 


R? 

R6 

K5 

U4 

R3 

R2 

III 

HO 

iru 

ntfH 

0J[I | 

0411 

03H 

0211 

(I1H 

(XIII 


As the bank number changes the register address also offsets by the memory address bank number 
multiplied by S. Though you can select between the register banks (t and 3, there will be only nne active 
register bank at a time and it depends on the RSO aiid RSI bits of Program Status Word (PSW). Reg¬ 
isters RO to R7 arc used its general purpose working registers. RO and RI also handle the role of index 
addressing or indirect addressing register (@R0 and (a RI instructions). RO and RI can also be used for 
external memory access in place ofDPTR. if the memory address isft-bit wide ((MQVX A, fit RO) - wilt 
be discussed later). 

5.3.4 Oscillator Unit 

The program execution is dependent on the dock and the oscillator unit Is responsible for generating 
the clock signals. All #051 family microcontrollers contain an on-chip oscillator. This contains all hl-c. 
csxary oscillator driving circuits. The only external component required is a ceramic cry stal resonator. 
The SOS i on chip oscillator circuit provides external interface option through two pins of the microcon¬ 
troller, namely, XTAL1 and XTAL2, 

If you arc using a ceramic resonator, you can com 
nect it across the XTAU and XTAL2 pins of (he chip 
with two external capacitors. Capacitors with values 
ISpF, 22pF, 33pF, etc. ore used with ihe crystal reso¬ 
nator. This is the cheapest solution since the total cost 
for a ceramic resonator and two capacitors is always 
less than a standalone oscillator module. 

If an external stand alone oscillator unit is used, 
the output signal of the oscillator unit should be 
c ounce led to the pin XTALI of ihe chip and the pin 
XTAL2 should be left unconnected for a CMOS' 
type microcontroller (8QC51). For an NMOS** type 
microconi roller, the oscillator output signal should 
be connected to the Pin XTAU and the pin XTALI 
should fee grounded (Fig. 5.8), 



22pFj_n l| J^-pFr 


Crystal 

resonator 


MSI 

(CMOS T> pet 
IS XTALI 

tv \i al: 


2i* Vss 


| Fig. fi.fl) Circail d onJllg-iiTAlton fa* u*tAg (■ wcKLp 
OKttUior 


" OIOS ■ Ciwiplfflicniaiv mesa! ^tidc Kmicondurlcir field effect traniislor Lcchnolopy far digital ciiculdffi^it, OIOS fM cures 1 cm 
ptn* ct f«vmiinpcwn *iJ faiuti lojzk dtti4ii> db uji uni riretaL 

** NMOS—n-lypf mcbl^ode^Kinicmdunar(itld effect Imuidor Icchnolopy fi.H digital cimiil tleaiwin. It Li ah nlJ tcuFiijulejij- *nd ]»*■ 
ttMs (be drawback ol none u^qinhhly inti uow Sfcjic iramitioa. In tthidera dcii^ta n n tupptwsccd by CMOS technology. 
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You may be thinking why an oscillator circuit is required? The answer is-The microcontroller chip 
is made up of digital combinational and sequential circuits and they require a dock to drive the digital 
circuitry. The dock is supplied by this oscillator circuit and the operational speed of the chip is depen¬ 
dent on the clock speed. 

5. 3.4.1 Execution Speed The ex ccut tun speed oflhc processor is d ircct ly p roporli ona I to the one i 1* 
IsLtor clock frequency. Increasing the dock speed will have direct impact on the speed of program execu¬ 
tion lint the inicnml processor core design will always, have certain limitations on the maximum clock 
frequency on which it can he operated. During program execution the instructions stored in the code 
memory i-. fetched, decoded and corresponding action is iniliatcd, lurch instruction fetching consists of 
the number of machine cycles. The instruction set of 8051 contains single cycle to four machine cycle 
instructions. 

Each machine cycle is made up of a sequence of states called T stales. The original 8051 processor^ 
machine cycle consists of 6 T states and is named Sl t S2 t S3...S6. Each T states in turn consist of two 
oscillator periods (Clock cycles) and so one machine cycle contains 1 1 clock cycles. For a one machine 
cycle instruction to execute, il lakes 12 clock cycles. If the system dock frequency is 12MHz, it takes 
1 microsecond \ I ps) time to execute one machine cycle. The machine cycle, T state and cluck cycle 
relationship is illustraicd in ihe follow ing Fig. 5.9. 



(riB 5.Bj MtehlnB Cycle*, T Ptnla & clock perled* 


5.3.5 Part 

Fort is a group of Inpul/Outpul (I/O) lines. Each port has its own port control unit, port driver and buf¬ 
fers. The original version of #05i supports 32 I/O lines grouped into 4 1-0 ports, consisting of 8 1-0 
lines per port. The ports arc named us Port (K Port /, Port 2 and Port J, One output driver and one input 
buffer is associated with cadi I/O line, All four ports arc bi-directional and an Hbii latch (Special Ftmc- 
linn Register) is associated with each port. 

5.3.5./ Port 0 FOR f 0 is a bi-directional port, which is used as. a multiplexed address'data bus in 
external data memory program memory operations Fort tl pan organisation is illustrated in Fig 5.10 
Each pm of Port 0 possesses □ bit latch w hich is port of ihe Special Function Register (5FR) for Port 
0, PD. The latch is a D flip Hop and il docks in a logic value (either logic l or logic 0) from the internal 
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(Flq. 5.lb) Port 0 pin organliatloa 


bus when a write to ihe coitus ponding latch signal is issued by the internal control unit. Apart trom the 
wriic to latch operation you can redd the contents of the corresponding Pott 0 Pin latch by activating a 
Read Latch signal. ‘I"he Read Latch signal is asserted on executing an instruction with a read! from the 
corresponding port luielf instruction fe,g. ASL PO, A reads the PU latch. logienl AND it with accumula¬ 
tor and loads the laleh w ith the result. Similarly. the instruction MOV PO 0,C reads the Pori 0 byte 
bits of the PO latch) and modify bit 0 and write the new byte back to lire PO latch. In summary all 'Read- 
Moikfy-Write' instructions generate ReadLatch control signal), 

The Mv/f/ Pin control signal enable* reading the slahtf of a port pm The Read Latch and Read Pin 
operations act on two different ways. Read Larch reads the contem of corresponding port's SFRSFR bat 
latch whereas Read Pm reads the present slate of ihe corresponding port pin, 

Parr 0 is designed in a way to operate in different modes. It acts as an T/O port iri normal mode of 
operation and as a multiplexed address data bus in external data memory.'program memory operations, 
if the program memory is external to the chip. Pan 0 emits the program counter low byte in external 
program memory operation for specific time duration and then nets as an input port to fetch the instroc- 
lion from die address specified by the program counter. In external da la memory operations PO emits the 
lower order byte of the DPI K Register (DPL) 

If you look back to the Port 0 pin organisation, you can see that during external memory related 
operations the multiplexer disconnects the pan 0 bit output tine from its corresponding bit latch and 
directly connect it to the ADDRESS'DATA line and the output driver circuitry is driven according to the 
ADDRESS 1 DATA line and die control, 

The output drivers of Port 0 are lornied by two FETs, out of which the tnp FET functions as ihe in¬ 
ternal port pull-up. ITic pull-up FET driver for Port 0 is active only when the address line is emitting Is 
during external memory operations The pult-up FET will be off on all other conditions and Ihe Port 0 
pins- which sue used a* output pins will become open dm in (Open Collector for I IL logic). On writing 
a l to die corresponding port bit SFR latch, the bottom FFT is turned off and the pm floats and it enters 
in a high impedance suite. 

In order to make any Port 0 pin an inpul pin. a logic I should be written to the corresponding Fort 
0 SFR latch bit and an external pull-up resistor fin the range of Kilo ohms, typically 4.7K.) should be 
connected across the corresponding Pori 0 pin and power supply F which will act as a bypass to the 

internal pull-up FET. 

If Port 0 is used for external memory or device interfacing, it should be equipped with external pull- 
up resistors to provide noise immunity to Port 0 data lines. 
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When configured us Q/p port by w riting 1 s tu the Port 0 SFR, nil Pori 0 pins floats and it is said to be 
in a high impedance stale. Port 0 is a true hi-directional port. 

Port 0 SFR (PO) (SFR-80H) Port 0 SFR is a bit addressable Special Function Register that acts as the 
hit latch for each Pori fl pins. 


BIT 7 

BIT 6 

BITS 

BIT 4 

BIT 3 

BIT 2 

BIT 1 

BJTO 

PO? 

Pfl.6 

P05 

K1.4 

POT 

P02 

PO.t 

POO 


During external memory' operations PO SFR gets Is written into it, The reset value of Port 0 SFR is FFH 
(All latch bits set to J) 

5,3,$.2 Pott 1 PORT t is a bi-direelional port which is used as a general purpose I O port. The Port 
I pin organisation is given in Fig. 5.11. 


Inierml twv 



| Fiff. 8U l] Pori l pin aiffiTi Jution 


As seen in the pin organisation, Port l pin contains an internal pull-up resistor. In order to make ihe 
Pori I pins as inpul line, the corresponding SFR latch bn for Port I should be kept as 1, Writing a I 
into any of ihe PI SFR bit latch turns off the output driver FET and produces logic high at Ihe corre¬ 
sponding port pm, The internal pull up for Port 1 is fixed and weak. When Port I pins are configured as 
inputs (by writing a 1 in the corresponding Port 5 SFR bit hitch I ihe pins are pulled high and they can 
source current when an externally connected device pulls the port pin to low', signaling a logic 0 at ihe 
corresponding input line and pi [ices logit 11 to the internal bus in response to a Rend Pin command. If 
the externally connected device forces logic high, the Read Pm control signal generated by a Read Pin 
related command (e g. I tOl'A>Pt m MOl t .Pt (1, etc.) places logic high into the internal bus 

Since Pori l holds fixed internal pull ups and are capable; of sourcing current, n is known as Quasi 
tSi-ditycthmaL 


Fort 1 SFR (PI) (SFR- 90R) II is also 2 bit addressable Special Function Register that acts as the bit 
latch for each pin of Port 1. The hit details of Pori I SFR is given below. 


BIT? 

tm i> 

BIT < 

HIT 4 

Rl l 3 

nr 12 

BIT 1 

ni i n 

PIT 

m 

P t .5 

PM 

PU 

PS.2 

Pit 

no 


The reset value of Port J SFR is FFH (All hit latches sei to 1). 






















































Introduction to JEht bedded Syst9ms 



5*3.$.3 Port Z Port 2 is designed to operate in two different modes. It acts as general purpose I/O 
port in normal operational mode and acts as higher order address hits in external data memory/program 
memory operations. Figure 5.12 illiistraies the Port 2 pin organisation 


Internal bus 



[Hq, B.12) Fart 2 pin oiguliiilati 


Port 2 emits the higher order byte of external memory address if the address is 16 bits wide, As seen 
in the figwt. during ifc-bit wide external memory operations the base drive lor the O/p driver FET is 
internally switched to the address line. If Uw address line if emitting a 1, the O p driver FItT is lumed 
off and the logic I is reflected on ihc O/p pin IF the address hue is emitting a 0, ihc O/p driver FET is 
[Limed on and die logic 0 is rcilcclcd at the corresponding pm. 

The content of Port 2 SFR remains unchanged during external memory access :md it holds the pre¬ 
vious content as such. It is to be noted that if Port 2 is in external memory operation it cannot be used 
as general purpose I/O line. When not used for external memory recess. Port 2 can be used as general 
purpose I/O pon. During normu.1 operation mode, the internal multiplexer switches the base line (GA IT) 
ofO/p FET to the D latch O/p of corresponding SFR bit latch In normal operation mode when a I is 
written into any of the P2 bit latch, the O/p driver FET is turned olf and as in the case of Pori 1 this line 
acts ns an 1 p line. P2 is a Quasi bi-thret annul ptirt. 

ftorf Z STB (PZ) (SFR- AOH) It is y bit addressable Special Function Register that acts as the hit latch 
for each pins ofPon 2. The reset value of Port 2 SFR is FFH (All hit latches set to 1) 


BIT? 

BIT b 

BIT 5 

BIT 4 

BIT 3 

BIT 2 

BIT 1 

l!J 1 0 

1*2,7 

P2.6 

ns 

P14 

F2.3 

m 

Pit 

F2.0 


5.3,5.4 Port 3 Port 3 is n general purpose J O port which is also configurable tor implementing alter¬ 
native function*. Port 3 Pin configuration is shown in Fig. 5,13. 

Port 3 is identical to Pon I in operation. AH the settings that need to he done for configuring Fort I 
as L Q port is applicable to Port 3 also. The only difference is that the SFR latch for Port 3 is P3. Pon 3 
supports alternate 1,0 functions. The alternate I/O functions supported by Port 3 and the pins used for 
these alternate functions are tabulated below. 


iTjQnto 


nas'.nc 
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n£L 


3rtEem.ii] bus 



I FLij. fl-l j] Foil 3 pta orguUiatloa 


I’uri J’Jii 

-Ulvmatc l.'O Finedao 

P3.0 

RXD (Receive pin - Saul Input Part Pin) Input lute 

P3 1 

fXU ■ fi-insniit Pin Serial i' 1 p Pin i ■Output 1 

rsa 

|M]o (3i vicmaMntcrrupt n line) Inpur tine 

PJ 3 

|rC] : (T Menial Inturrupi 1 linej input line 

P3-4 

Til R tiuniorQ Ixiernol Input line) - lapii tine 

P3.5 

1 i ( minler 1 hxlera d Input Intel Input line 

F3.ft 

WR iWrirc signal rbr Emanul data memory ,icxcvn) - O p line 

P3,7 

RD Kv-j.J iiLpuil fur LxieiiLil ialJ mcriiui y mc-tcii j O ;i line 


It is obvious from the tabic that all H pins of Port 3 are having some alternate I/O fund ton associ¬ 
ated with theni. From the Port 3 pin configuration it is clear Lhar the alternate 10 functions will coine 
into action only if the corresponding SFR bit latch is sot to logic 1, Otherwise the port pin remains at 
logic 0. 

Port 3 SFR (P3) (SFR-BQB) Jl is a bit addressable Special Function Register that acts as the bit latch 
for each pin of Pon 3, Reset value of Port 3 SFR is FFH (AH hit latches sel to 1) 


mi ? 

BIT t 

HII 5 

m r 4 

bi i ji 

HI I Z 

BIT 1 

B110 

PX7 

P3.6 

P3,S 

PJ .4 

P3.3 

IH2 

PJ.I 

PJ.O 


5,3.5.5 'Read Port Latch' and 'Read Port Pin' Operafions As we discussed earlier, the ‘Port 
Read' operations fall into two categories namely. Read Letch and Read Pin. The Read Latch operation 
reads the content of the corresponding port latch. The port architecture for all 4 ports contains neces¬ 
sary circuit for reading the Pori Latch for all port pins. The read Port Latch operation is triggered by 
the control signal Read Latch i hc Read Latch control signal is generated internally on executing an 
instruction implementing the Read Latch operation. The Read-Modify- Write instructions which reads 
the port, modifies it and re-w rites it to the port, operates on the port latch instead of port pins. The ft>l- 
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lowing ReadModify- Write instructions operate on port latcb when the destination operand is a Port or 
a Port bit. 

ANL Px, <$ouree> {x= 0.1 T 2.3, e g. ANL PO, A ) 

QRL Px <souree> (x“ OJ ,2,3, e g. ORL PI, A) 

XRL Px. <sourcc> (x= 0.1.2,3, e g. XRL P2. A) 

JBC Px.y LABEL (x= G.t.2.3, y - 0 to 7 e,g, JflCPi.O. R£P£47^ 

CPL Px.y (x- Q,L2,3, y = 0 lo 7 e g. CPL PO.I I 
INC Px (x- 0,1^3- e.g./VC/*tf) 

DEC P* (x- IU43- e g DEC Pi) 

DJNZ Px, LABEL Px Ix= 0,1.2*3. e g, a/.\7 PO, REPEAT) 

MOV Px.y. C (x= 0J,23- y = 0 to 7 e g, MOVP3J. Q 
CLR Px y (x- 0J 43. y - 0 to 7 c.g. CLR PI.O) 

SETB Pxy (x= CM ,2,3. y - 0 to 7 e.g SETB P3.6) 

The Lnsluictions MOV Px.y, C, Cl .R Px.y and SETB Px.y. read the Port r by te (8 bits of the Px faleh I 
and modify bit y and write die new byte back to the P.v latch. 

The fallowing assembly code snippet i FI us [rales (he Read Latch Operation 

Me' 1 " to, ^DeEI J Tjr.'.iUte r'.fl to PO, " p-lna -IS tlru 

KOV A, *0FH t liOa:: Aicuruiator rfitii OFH 

AML n »:, A ; Head PC latch, Ij jI al AMD t- i l A :u.i ui.itor- 

; nn"-'-nt cmd PO | »tch. with ~n~ resuit 

Executing the instruction MOV PO, POFlf loads the Port 0 latch with QFH (The latches for port pins 
PU.O to POT are set). Now Pori pans PO.U lo POJ acts as Input pins. Executing die instruction MOV A. 
tiQFH loads the accumulator with OFH- The 4 ML PO, A instruction reads the PO I itch and logical AND it 
wiih accumulator and rewrites the PO latch with the ANDed result. The status of port pins configured as 
input port has no effect on the instruction ANL PO, A. Suppose PO r 0 pin (Not 1*0.0 laleh bit) is at logic 
0 and pins PO. 1 to P0.3 an: at logic I □( the time of executing the instruction ANL PO , A. still Port 0 latch 
is loaded w ith OFH and not OEH, 

The Read Pin operation reads the siulus of a port pin when the corresponding port pin is configured 
as input pin f When the corresponding port latch bit is loaded with logic 1). The port architecture for all 
4 ports contains necessary circuit for reading the Port Pin for all ports. The read Port Pin operation is 
triggered by the control signal Read Pin. The Read Pin control signal is generated internally on execut¬ 
ing an instruction implementing the Rend Pin operation. MOV A, Px. MOV C r Px.y are examples for 
Rend Pin instructions. The following, code snippet illustrates the 'Read Pin* operation. 

MOV PO, *0FH ; Configure fO-O to PQ. J pine as input pins 

MOV A, PO i Load Accumulator with PO Pore pin status 

Executing the instruction MOV PO, W)F7/loads the Pun 0 latch with OFH (The latches for port pins POO 
to PG.3 are set), Now Port pins P0.O to P0.3 act as inpul pins. Executing the instruction MOV A. PO loads 
accumulator with the Pin status of pins PO O P0.3. Suppose P0.O pin is at logic 0 and pins PO I Id P0.3 
are at logic 1 at the time of executing the instruction MOV A, PO. the accumulator is loaded with OEH. 

S.3.S.6 Source and Sink Currents for 8051 Ports 

Source Current The term stwrre current refers to how much current the 8051 port pin can supply to 
drive an externally connected device. The device can be an LED, a buzzer ora TTL logic device. Fur TTL 
family of 8051 devices the source current is defined in terms of TTL logic. TTL logic his two logic levels 


Designing Embedded Systems with 8bii MscuK-tmtJvUcrs—SOSJ 



namely logic 1 (High) and logic 0 (Low i I lie typical voltage levels for logic Law and High is given in the 
following table. 


Lofft 1 cm4 

Enpnl sJfpal leu-1 

Our pm vi^nal k'd 

J 

if 

Min 

Miu 

Mm 

Max 

Low 

OV 

0.8V 

OV 

0,5V 

5V 

Itrieh 

2 V 

5V 

2 7V 

5V 

5\' 


Tile logic levels arc defined fur a ITL gate acting us input und output. For logic 0 tile input voltage 
level is defined as any voliage below 0,8V and the current is L6mA sinking current to ground through 
□ ITL input. According to the 8051 design reference, the maximum current that u port pin (For an 125 
TTL logic based 3051 devices) can source is 60 pA. 

Sink Current It refers to the maximum current that the 8051 port pin can absorb through a device 
which is connected lo an external supply. The device can be an LED, a buzzer or a TTL logic device 
(For TTL logic based 8U5i devices). Fins of Ports PL P2 and P3 can sink a maximum currem of 1,6 
mA, Port 0 pins cun sink currents up to 3,2 inA, Under steady state the maximum sink current h limited 
by the criteria: Maximum Sink Current per port pin = ID inA, Maximum Sink current per 8-bit port for 
port 0 = 26 mA. Maximum Sink Current per H-bil pan for port 1,2* & 3 = 15 mA, Maximum total Sink 
current lor all output pin _ 71 mA (As per the ATB9C51 Datasheet). Figure 5.14 illustrates the circuits 
fur source, sink and ideal port interfacing for 8051 port pins. 



Fig. 5- H| («) Confetti Sfekicing, (b) Cunfefet Staking 1 (c) Id**] Pori pin latfetftc* for > 0$1 


Figure 5.14(a) illustrates the current sourcing for port pins. Since 8051 port pins are only capable 
of sourcing less than I mA current, the brightness of LED will be very poor. Figure 5,14(b) illustrates 
the current sinking for port pins, in this configuration, the forward voltage of LED while conducting is 
uppnikimihieLy 2V utid the supply volume 5V (V^) iu distributed across (He I I'D and the internal TTI 
circuitry. The extra 3V has to be dropped across the internal TTL circuitry and this will lead lo high 
power dissipation, which in (uni will result in the damage of the LED or the port pin, This type of design 
is not recommended in embedded design. Instead the current through the LED is limited by connecting 
the LF-O to the power supply through a resistor ns shown in Fig. 5.14(c). In this configuration, the port 
pin should be at Logic 0 for the LED to conduct. Fora 2.2V LED, the drop across Resistor is calculated 
us Supply voltage (LED Forward Voltage - TTL Low Voltage) 5 iZ.2 1 O.S> 2.0V flic Resis¬ 
tance value is calculated as 2 V t (Required LED Current). Refer LED data sheet for LED current. If the 
resistance value is not properly sclcclcd, it may lead (o the flow of high current through the LED and 
may damage the LED, 
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Design an Rf>5I miiTOL-untxn] ter Kucil ivitem for displaying the hi miry numbers ["min 0 to 255 lining K LED* u per the 
specifications aivea below: 

L Uw Auncl'a AT89C5K52 or AT89S8252 |Ftaih microcontroller with In Sy>icni Programming (ISP> nupponV Tot 
dcMgniTi!: ihe ^yitem 

2. Use a ] IMF l? cnsul resonator for generaiine the necessary clock signal for the conlrmHcr 

y. U>e on-chip program memory for storing ihc program msinictions. 

4. The K 1 EDs are to thy port pins P2.0 to P2,7 of the microcontroller and are arranged m a single row with 

(he LED connected (it E'2 (I al die nghipmi*i position (L£B) And the LED connected lo P2.7 ulthe IcDnsoii position 
rMSB). 

5. The LEDs are etjemened tes the pori pins through puli -up resistors of 470 ohms and will conduct only when the 
euircs|Hntd il il; purl pin IS Ul kg it 0. 

6 . Each LED represents the eomispondini: binary bit of a byie and it reflects the logic levels ofthc bil trough ruming 
(>N and i. IH il-wi LEI) ■ 3 Ire L! I ■ is turned on when the bit is at logic 1 and off when the LED is at logic 0). 

7 Thceounrintr from 0 (AH LEf>s at turned OFF nuit) and increments by 'me, The counter ]% irtCremciiicd at 
the rate of 5 tconfe. 

K, Whoj Lbc eounlcr is. fl! 2J5 (OFFH, *11 LEDs ire in ihc turn ON slate}, llic tw*I increment resets the counter to 00}I 
And the counting process is repealed. 

The dcsjgjt of this v. sletib hu\ two parts. The first pan is die design of die microcontroller bused hardware cifcuiL 
The lure 1“ a re c i cr u 11 par i c w, k-mr ed . i:i a hi u .i d hi *Bi il for sim p I ifying th e dev fit ip met i r I lie cuiiir-.il It r fi >r th i h t an V-; 
ehnsen ^ii c-iiher ATX9C51 52 or ATtt9$B252, Both ol these controllers are from ihe hOSI (amity and are pm compatible. 
Both of tlicm contain hu.il* in program memory. Die only difference u that for programming the AT89C5I/52 device nti 
FEFROM FI ASll pmijriimnKr device is- required whereas ATfi0Sft252 dt-esn't require a special programmer II can be 
piu-LiAiimicd UuuLitdi itn in System Ihogrunmung tl5l‘| utiUly i turning on Ltic IirtilWarc dcvclupmcihl PC and through ihc 
parallel pdflofUra PC\ The In System Frogramining technique fin-AT H9S*252 i* described in OLC. For tfic et Mil roller it* 
work, a reguLilcd JV dc supply is required, For gen cm ling a regulated *V > L^. supply, a regulator 1C is used- For (he eunrenl 
design ihc regulutoc It LM7FQ5 from National semiconductor is selected flic input s ullage required for this icguilatnr 
1C is in the range of 0V 12 V dc. A wall mounted dc adaptor with rating* OV or 12V, 250mA can he used far supply¬ 
ing the input powu: It is belter lo llhc a L )V dc adaptor to avoid the CXCtsXe healing uf the regulator 1C. Excessive heat 
pmdueiuni in the regulator 1C lead* to Ihc requirement for heat sinks. Die circuit details and the exponent* required lo 
implement the counter is shown in Fig, 5.15, 

The circuit shows the minimal components and the iiilccomwctiun among them to nuke the controller operational. 
As mentioned earlier, it requires a regulated 5V dc supply for powering (he control Eer The 12 Ml 17 crystal resonator to 
combination with the external 22 picofarad (pF) capacitors drives the on-chip oscilLtor unit and generates the required 
clock signal for the controller The RC circuit connected to the RST pin of the eonlredlct provides Tosscr-On reset lot 
die coiltrtJlIcT- The capacitor and resistor values ore sclcclcii in such b way that the rescl pulse is active (high) fur 3 t least 
2 machine cycle duraiion. Tlie diode in the react drcuilry is used as frecw heeling diode and il it not mandatory Hie 0.1 
Microfarad <0 I MFD) capacitor connected to ihe power supply fine fillers the spurious fnoiscl signalft from the power 
supply line For proper driving, the LEDs should be connected lo the respective port pins through pull-up resistors. The 
pull-up resistof yitues are determined by ihc forward voltage of LFi>s and ihe current rating of ihc LEth The currcni 
design uses 470 ohms as the pull up resistor. If you arc not sure about the forward voltage and rarrem ratings of the LED, 
it is belter tu start with a high value fsay y.TKi for die reautor and replace ii with successive tow value reoston- (4,2 K. 
2.7X, l It, S7D E. 470 e eic.} till you feci thui the brjfhtness of the LED while ft is conducing ii nasonihly food. The 
comrolltf Cbniiins on-cfiip pi-ngrun-: merndry and il can be i^d for storing, ihc firmware. In order to use the orxliip pn> 
pun memory, ihc EAVpia should be lied to f tr Fulling the EApin io JL through a high value retittorennues iHai ihc 

piil drt Vrt VCry : rtlinimtil amoinit nfciirrcrl. 

The second part is the design and devclopmcm of program code (firmware) for implementing the binary counter unJ 
displaying ihe cowiicr conlent using the LFDs interfaced lo Fort 2. The firmware requirement can be modelled m the 
form ofa flow chart as given in F5.1b. 
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fMee the firmware requircmenls are modelled using the flow chart, the nest step is implementing it in cilticr proces¬ 
sor specific assembly code or high level language. For the kmc being let us implement the requirements in M51 specific 
assembly Language, The firmware for implementing the binary cc-lqiIct in 80S! auernlbly lugungc i> given below. 


; Binary_Counier + sre 

;Source code for implementing a binary counter and displaying the 
i count through the LEDs connected to P2,Q to 1*2.7 port pins 
fThe LED is turned on when the port iinr is at logic 0 
,-Tfhe counter value should be complemented La display the count 
;using the LEDs connected at Port 2, Written by Shibu K V 
^Copyright {Cl 2008 

jfnMMMIlMHMHIimttlllHIlfHHHIfmihmMIHUHlIimM 

ORG QOOQH 

JMF OObQfl 

ORG 0D03H j 

RE T I J 

ORG 000BH 

RETI j 

ORG OOUH 

RETI j 

ORG 0Q1BK 

RET I j 

ORG 0023b | 

RETI 

ORG Q05DH 

MOV P2, *0fFH j 
CLR Eri 3 

MOV SP f IDBH j 
MOV ft?,IOOH 3 
REPEAT: CALL DELAY 

INC P.7 j 

MOV A, R7 3 

CPL A," The LET'S are turned on when corresponding bit is C 
MOV P2, A t Display the count on LEDs connected at Port. 3 
JMP REPEAT f Repeat counting 

jRoutine for generating 5 seconds delay 

; Delay generation ia depandent on clock frequency 

;This routine assumes a clock frequency of 12.00MHZ 

jLQOPI generates 348 x 2 Machine cycles (^microseconds I delay 

3 LOOF2 generates 2QC st 1496+2+1) Machine cyclop (9930QmicTOPOcondB| 

3 delay* LOOP3 generate Sfl x (99S0Q+2+1) Machine cycles 
; [4 99Ol50BLi.crOsecon.dsy delay. The routine generates a- 
;precise delay of 4.99 seconds 


Reset vector 

Jump to code item location 093ON 
External Interrupt Q ISR location 
Simply return, Do nothing 
Timer 0 Interrupt ISR location 
simply return. Do nothing 
External Interrupt 1 ISR Location 
Simply return. Do nothing 
Timer 1 interrupt ISR location 
Simply return. Do nothing 
Serial lnto:rjpt ISP Location 

Simply retutn. do nothing 
Start of Program Execution 
Turn off all LEDs 
Disable All interrupts 
Set stack at memory location 03rf 
Set counter Register ft.7 to itero. 
Wait for S ^ernnis 
Increment binary counter 
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DELAY: MOV Si , * >0 
L0-rl ; y.jV Pi, *-00 
LOC?2 ; M5V ? 0 , *2 43 
LOOP3! DJN£ HD, LOOP3 
DJN2 aiv LG0F2 
DJN2 R2, LOOPl 
RET 

EHD j EN" cf AarcrJbiy Program 

tines the ivsemhly code ia wmlen and cheeked tor synlat end. ii is converted into a controller specific machine 
code (hex filef u&inc an assembler program. The conversion can be done using a freely commercially available assembler 
prugiuni fin fiftfl or an IDE based tool (like Kcd riiRnwtvm 3). The final iiage is embedding tlic hex code m die program 
memniy of (he controller I IT the eoniruller used is A7 H9C51 * the program can be embedded using a FLASH programmer 
device. For coni rollers supporting In System Ptopi-ummLiig (ISP), like AT89SH252. the hex file can he directly loaded into 
the program memory of the confruKer using an ISP application running on the dev elopment PC, 



Design an 80S! microcontroller based control system for control ling a 5V, 2-phase 6-wire stepper motor. The system 
should MlUfy the following 

1 , Lsc Aimers ATSQC51.52 or (Flash microcontroller with In System Programming (ISPi support) for 

designing the system. 

2. Use a 12MHz crystal resonator for genwauug the necessary clock ;iignal for (he controller. 

.1 Use on-chip program memory far iiurin|i ihe program instructions 

4. The wires of the stepper motor are marked corresponding to the coils f A r B r C &. D) and Ground (2 v ires) 

5. L'sc the octal peripheral driver If ULNZtitl.l from National icmiconduciors for driving the stepper motor. 

6 . Step the motor in 'Full step’ mode with a delay of \ sec between the steps 

7. Connect the coil drives io Pun I m ihe order Cod A Id PI .0. Coil li to PM. Coil C to PI .2, utul Coil D to PI .3 
Refer to the description on stepper motors given in Chapter 2 to get an understanding of unipolar stepper motors and the 
coil emery [sing sequence for ‘Full step’ mode. 

Figure 5. 1 7 illusimfas ihe intorfaeing of stepper motor through the driver circuit conrocicdi to Port l of 8051 
The flow durl given in Fig 5.18 models die limiwoie rciquircmcnh for inlerfacmy the sicppci motor. 

From the pulse sequence fur mnnin^ the siqipcr motor in 'Full slep - it is clear (hat the pulse sequence for next step 
is obtained by right shilling Hie current pulse sequence. The initial pulse sequence required is H, H. L, L at coils A„ H. 
C &. D respectively 1’Please refer to Lhc stqjpcr niotur section in Chapter 2). In oui case wc have only 4 bits to shift and 
our controller u an Hbu uontfullci Pci fanning j (iglu sJilfl opcfattoA of the accuinutaloT mov l*n Ota LS bit of accumulator 
to (he MS bit position {Bit jmiiition 7 in (V7 nurnhering), \5e want the LS bit to be available al 3"* bit position after each 
rotniiun. This can be achieved by some hu nutnipuhUiofl openlion. We tan also achieve u by loading the MS nibbleofac- 
cuimilalor wilh ihe same initial sequence HHLL. In this example we are not using Port P ( for any other opera!ion Hence 
die values of port pins I 1 1.4 io P 1.7 are irrelevant in our case. Bui m real ht'c scenario n may not be the ense alu ays. The 
firmware implements!ioh for this is given below 
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;Stepper_mecor. ere, Firmware ior Interfacing stepper motor 
; T:ie Stator coils A, 5, C and Dare controlled through Fort pins Fl.C, 
;PI-If FI ,2 add FI,3 respectively, 

;Accumulator is used loi generating the pulic sequence for ''su 11 step' 
iThe initial pulse sequence is represented by QOl 
i Written & Compiled lor Ail Assembler. Written by Shfbu K V 
;Copyright |C> 2006 

i IMIlMlfMtHIHMIllMHIHfMflINtMMHillUimHHtMHilltM 

OBG 0000H r Beset vector 

OMP OlQOH ; Jump to code men location 010OH to start- 

; execution 

ORG OQ03H ; External Interrupt 0 t SB location 

PET1 ; Simply return. Pa nothing 

GRG OOQBH ; Timer 0 Intorrup*. ISP location 

RETT f Simply return. Da nothing 

org OGlrH ; External Interrupt 1 I5R location 

RET I ; Simply return. Do nothing 

ORG DQ1BH : Timer 1 Interrupt ISR location 

RST1 ; Simply return. Do nothing 

ORG D0Z3H ? Serial Interrupt ISR location 

RETI ; Simply return. Do nothing 

; Start of main Program, 

ORG 01OOH 

MOV PI, 4QCJH } Turn off the drives to all ccator coils 

MOV 5?, #0flH f Set stack at memory location 09:1 

MOV h r IQGCH ; Load the initial pulse sequence 
REPEAT: MOV ?1, A ; Load Port Pi with pulse sequence 

PH A i Rotate Accumulator to right 

CALL delay } Wait tor 1 second 

JMF REPEAT : Load Port Fl with new pulse sequence 


ORG 0 00311 

RET I 

ORG DDOBH 

RETT 

ORG 0013H 

RET1 

ORG 001BH 

RET I 

ORG OOZrH 


MOV PI, 4Q0H f Turn off the drives to all ecatar coils 

MOV SP, #0flH f Set stack at memory location 09:I 

MOV A, I DOCK r Loud the initial pulse sequence 

REPEAT: MOV PI, A ; Load Port PI with pulse sequence 

HR A i Rotate Accumulator to right 

CALL delay } Walt tor 1 second 

JMF REPEAT j Load Port Pi with new pulse sequence 

;Routine for genera tine 1 second delay 

, + Delay generation is dependent on -lock frequency 

;This routine a resumes a clocV frequency of 12,03MHz 

j LAQIPl generates 2-fIS. x 2 Machine cycles ^microseconds) d«lay 

jI/jCIPZ qeonrate3 2GO * [496+2*1) Machine cycles pLlrni <r ro = in - oriT-If 

j delay i LOOPS generate 10 x [99800+2+11 Machine cycle?: 

; (99B03CmieEoaecanda) delay. ;The routine generates a- 
g precise delay of 0.99 seconds 


DELAY 
LOOP1 
LOOP? 
LOOP 3 


MOV K2 1 HO 
MOV Rl, 12DO 
MOV R0, J2<3£ 
DJH* RO, LOOP3 
DJtiZ Rl, LOOP2 
DJHB R2 t LOOF1 


jEHp of Assembly Program 


find 
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Design an 3051 microcontroller based system for interfacing the Programmable Peripheral Interface (PP31 device *055. 
The system should satisfy the following: 

L Use A Intel’s .AT89C5] 52 or AT8938252 (Flash microcontroller with In System Programming (JSP) support) for 

designing the system 

2. Use a 12 MHz crystal resonator far gL-nemtiflg the necessary clock signal for the comm I ter. UiC on-chip program 
memory for vlorinp [he program instrociionv 

3. Use lnlcisii Corporations I w www.imcmi-Ccm ) 82C55A PPi devkc 

4. Allocate the .addrev* space 8Q0OH jo FFKFIE to 82SS. Initialise the Port A. Port 13 and Pon C vf$255 as Output port', 
in Modefi 


Mere wc arc illoeatirig the address ^juce BEKJOH in FFFFH to N255, Hence the N2S? is act is .ited, when the I J 1h hit of 
address line becomes t. Here we have to use a single SOT gate io :nvcit (he A15 line before applying il lo the Chip Select 
{CSS) lintofS2JJ- Jn this configuration HISS require) only four address space namely fiOOGH for Port A, 800IH few Pon 
B. BOOH[ for Port C and fl 00311 for the Control Register, Rest of the address space B0O4EI to FFFFH is left unused. Mere 
we have the luxury cl"’using the entire address ran^e since we don't have any other devices lo conned, In real life appti' 
cations il may not be the case. We may have multiple devices sharing the entire address sjmcc UOO0H to FFFFH and We 
need to select each device in the it own address space. In such scenarios the address lines ,\2 to ,\ 15 needs to he decoded 
using a combination oflogic gives fNAND, AND. MOT. OR. NOR) and decoders. Figure 5. E9 illustrates the interfacing 
of 3253 wills HOSt. 



[Flg.gJO] iBterfadu? 3XSSPP1 with 30S1 
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TTie Octal latch 74I.K.'73 latches the luwer orderaddrev- bus {A0-A7) which is multiplexed wish the data hu** |EK'l- 
D7). A 3 to H decoder chip,. 74LS E3K, decodes the address bus u» generate the Chip Select (US ) signal for 325 f. Here we 
have only one address line i Al?] to decode. The rest of the 2 input lines lo the decoder (Pins 2 & 3 i are grounded Our 
intention is to assail the CS signal of^JU when A15 line is I. I he I p condition corresponds to this is DU I 1 tic decoded 
output for this is Output I l YI > Vou can replace the decoder with a NOT Logic IC. Hie reset line of 82?? is controlled 
through port pm PI 0. The Reset of HISS is active high and when 3051 is initialised, the port pin PI .0 a u Mm.ideally 
general e& a reset high sigral lor HISS. 

The Row chart given in Fig. 5 20 models the rirnmare requirements lor interlacing H2SS with 3051 cnrUTOllcr 



I. Rcsei P l .0 (a held, ihc ItilSET I im: of £255 mucin e 
- Iniliil^L 1 - SLack PoreMf 

J t ihul Ate un iu LlU sf Wilb Lltr khhillliN w heJ I lt c lie I fi |{Win); 

$2‘* hn 

i L.oiJ OPTS with the addre-^of B25S control rcjjmvr jMI03H) 

J. Wnte (he coatrul wort lo 1053 Comul Hc-giner 



| Ftg'-S.20| Flow chart for Interfacing fl£SS with $0$I 


The torttni] wurtl fur fordigurirtg all the HISS pent as output pruts in mode 0 is shown below r Please refer to the 
section on Programmable E ] criphcf;il Interface (PPM given in Chapter 2 for more details on HISS'* control register. 
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The iirnmarc implementation for dm is given below. 


}H:5S.sfe. Firmware for Int*tracing 8255A P?S 

;8255 is T.orory --ipc - -i at 600OH to ”FFFH, '7r e address aos ignrt«nt Iz : 

; various pi.-i't and jontrol are : Pot t A : 8C03fl, 

;Port B : ■90QlH f Pom C : fiODZH, Control Register : 30Q3H 
l Reset of &2S5 control lesd ttirotjrjh Fi»Q of SOol 
jWrtit-ir. £ ConpilQd for Arl AcsambL«r. Written sy Shibu V V 
i i’o r y i ^ i h t t n 1 ? 0 1A 

; I p * | # M P11 * r * * * m t H * 4 i * M 4 M « 4 m * > 11 * 4 r i i * * y MI tf H i * t * * H ff * * I)« # 


ORG 00 00 El 

JM P v[AI” 


Reset vector 

iLip Lo VL.J ,ij Jr-il. polivtud _y 

i ’ ibe. 4 Mr :rr ■ - ’ : i • *ecut i m 


ORG 0003b 

PFTI 

ORG OOOfifi 

ret: 

ORG 001 Vi 

RETJ 


External interrupt 0 ISR location 
^in'.r-iy return. On nothing 
r t pte =• 0 in to r r up t i SR I oca t i on 
5i it e : y teturn- Do nothing 
External Interrupt 1 ISR location 
5 l reply rtturn.. no noching 


org ooian 

p.elt: 


7 : re* *■ ; 1 ntor t ipr 15 !K 1 ocat i on 
Singly t-- :'jrr.. Dr nothing 
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i ; ; . :« 2 jH ; Intaajrnspt 15 ft location 

ftETt t Sir-ply return. Co nothinq 

; Start gt raair. Program 

MATH: "LR P 1 . + Q t Do-act Lvatc- 8255 Fosft lin^ 

MOV lr, |& 3 H ; let a tack -iL i.d:,.: y loe.uC.icn C £U 

MOV h, * 0 OH f Load th-j inlLial Control Word 

MOV Dtrr,* a 0 O‘H; Load DPTR. with the address of Control 

Register 

MOVX JDPTP, A ; Output tho control word to Control P^i-ter 
JME 5 ; Sltply Loop here 

END ;o.'p Ol A-JUHiLly PfOqi'Liti 

5.3.6 liitenuptfi 

ricfore going lo ihc details of 8051 interrupt system, let us have a look at interrupts in general and bow 
interrupts work in mic iop roceteor/controlkr systems. 

5.3.6.1 What is interrupt? As the name indicates, interrupt is something that produces sonic kind 
of interruption. .In micmproces^or and microcontroller systems. an inLcrcupi is defined as a signal i!u! 
initiates changes in tiomtal program execution flow. The signal that generates changes in normal pro¬ 
gram execution flow may come from an external device connected to the mieroproccssor/csoiiirollci; 
requesting ihc system dial It needs immediate attend on or the interrupt signal may coene from some of 
Ihe internal units of the prtteessnrrconiroller such as timer overflow indication signal The find type of 
interrupt signals are referred w external interrupts. 

5.3.6.2 Why Interrupts? From a programmer point of view interrupt is a boon. Interrupts are very 
useful in situations where you need lu read or w ntc sortie data from or to an externally connected device. 
Without interrupts, the normal procedure adopted is polling the device to gel the status. You can write 
your program in two ways to poll the device. In the first method your program polls the device continu¬ 
ously till the device is ready to send data lo the control let or ready to accept data front the controller. 
This technique achieves obe desired objective effectively by sacrificing the processor time for that single 
task. Also there is a chance for the program hang up and the tool system to crash in certain situations 
where Ike external device fails or slops functioning. Another approach for implementing die polling 
technique is to schedule die polling operation on a time slice busts and ullocate (he total lime on u shared 
basis to rest of the lasks also. This leads to much more effective utilisation of the processor time. The 
biggest drawback of this approach is that there is a chance for missing some information coming from 
the device if the total (asks are high in number Your device polling will gel another chance lo poll ihe 
device only after the other tasks are done at least once. 

Here comes ihe role of interrupts, If [he external device supports interrupt, you eon connect the inter¬ 
rupt pin of the device lo the interrupt line of the controller Enable the corresponding interrupt in firm¬ 
ware. Write the code to handle the interrupt request service in a separate function and pul the other tasks 
in Ihc main program code Here Ihc main program is executed normally and when die external device 
asserts an intemipi. ihe main program is interrupted and the processor swiiehes the program execution 
to the intcrrupi request service. On finisliing die execution of the interrupt request service, the program 
flow is autotimiically diverted back to ihe mitiu stream and the main program resumes its execution 
exactly from (he point where it got interrupted. 
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S.3.6.3 Use of interrupts In any interrupt based systems* interrupts are mainly used for accom¬ 
plishing the following tasks: 

1 10 data transfer between peripheral devices and processor controller 

2. Timing application* 

3. Handling emergency situations (eg. switch off the sy >tem when the battery status fails below the 
critical Until in battery operated systems) 

4. Context switching Multitasking Real-Time application programming 

5. Eve n t dri ven p rogram ming 


5,3.7 The 8051 Interrupt System 

1 hope by now you go! reasonably good information on interrupt* and interrupt handling. Now let us 
move on lo the interrupt system of 8051 miemeon I roller, The basic AYC f and its ROM less counterpart 
8031 AH supports five interrupt sources: namely two external interrupts, two timer inlerrupts and ihc se¬ 
rial! interrupt- The serial interrupt is an ORcd combination of the two serial interrupts; Receive Interrupt 
£ Rl) and Transmit Interrupt (Tl). 

S. 3.7-1 Enabling Interrupts The inierrupt system of 8051 can he enabled or disabled totally under 
software control This is achieved by sc it lug or clearing ihc global interrupt enable bit of the Special 
Fund ion Register Interrupt Enable l EE). Also, each interrupt can be enabled or disabled individually hy 
setting or clearing the corresponding interrupt enable bit in the SFR Inierrupt Enable. 

Interrupt Enable (IE} {SFR- ASH} The bit details of ihe Intcrrupi Enable Register is given below: 


IE.7 

IF-6 

IEJ 

IV,4 

IEJ 

!□ 

IT-,1 

IE,& 

EA 

Rsrj 

aso 

ES 

ET1 

EX! 

ETO 

tzxo 


The table given below explains ihc meaning and use of each hit. 


till 

\lEII1 1 

UHcwtiplmii 

EA 

Enable All 

t_\ (i di^ahlc at! inierrupt.. EA J enable all ttiktruptv. which arc individually 
ctsahlcd by selling that ertimpniuhtig enable bit in tmemipt Enable SFR. 

RSD 

Rcsctv til 

L'rtiiiipEcmcnlaJ Rc.ened hu futuie use 

ES 

Enable Seisak 

t.S L enables Serial Intern; pt LS 0 disable* tl 

ETI 

1 .noble Tuner 1 

EH ! citable Hiutrl irttemipi III 0 disables it 

EXI 

Enable External J 

EXI = i enable External Interrupt i EXI = 0 dibble* it 

trro 

<| nJjtt 'J imCr 

btn | ciMbtc lUuaO lnlemjpt 1 io u eii-uhlf n 

EXO 

Enable t \^rflaE i' 

EXO 1 enable External Intertu.pl 0. EXO 0 disables it 


The following code snippet illustrate* the enabling of Tinier t) interrupt and disabling of all other 
interrupts. 


"RL IE, ♦1JGD1G10B 

anl :, itiioagLOB 


i a i.: t tits EA i CTO, Pee serve other 

/ Li 1.2 da 3 yell 

; Reset bits £S, ET1, EX! and EXC. 

; riu^fve . f.h**: t-i - rts such 
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The instruction ORL IE. til 000001 OB sets the global interrupt enabler bit EAfiE.7) and the Timer 0 
Interrupt enabler bit EW (IEJ). Hie status of alE other bits in the IE register is preserved. The instruc¬ 
tion ANL fE, «/ tftNHIfOS preserv es the status uT the global interrupt enabler bit EA(tE ?E the RSI J (IE ft 
dE IE. 51 bits and the Timer 0 Interrupt enabler bit ETO (IE. I) and resets the fieri al interrupt enabler bit 
ES(tE.4), Timer I Interrupt enabler bit ETI (IE.3), External Interrupt I enabler bit EXI (IE.2/ and Ex¬ 
ternal Interrupt 0 enabler bit EXt) (I EM). This ensures that the reserved bits USD (IEM d£ IE. 5/ are lett 
untouched. The same can also be achieved by individually setting or clearing the corresponding bits of 
IE register using SETS and CLR instructions. This requires more number of instructions to achieve the 
result. 

Note: Though the corresponding interrupt bits arc set' in the IE register, the Interrupts wilt not be en¬ 
abled and serviced tithe global interrupt enabler EAbit of the Interrupt Enable Register (IE) is 0. 

5.3.7.2 Setting Interrupt Priorities In a Real World application, interrupts can occur at any lime 
{asynchronous behaviour) and different interrupts may occur simultaneously. This may confuse the pro¬ 
cessor on deciding which interrupt is to be serviced first. This arbitration problem is resolved by selling 
interrupt priorities. Interrupt priority is configured under software control. 3 lie Special Function Regis¬ 
ter Interrupt Priority (IE*) Register is the one holding the interrupt priority settings for each interrupt. 

Interrupt Priorffy Register (IP) (SFR-B8B) The bit details of the Interrupt Priorii> Register is ex¬ 
plained ini he tabic helnw. 


1 P.7 

ir.fr 

IP.5 

IfM 

1PJ 

1P.1 

MM 

IP.U 

RSD 

RSD 

RSD 

PS 

PTi 

PXl 

PTfr 

PXO 


1 he tabic given below explains the meaning and use of each hit in ihe IP regisier. 


ihi 

Sinn- 

Dmnplbn 

KS1> 

Reserved 

t nimplcmcritcd RcicrvcJ for tiitw; uw 

PS 

Sl;h.lL niiL-rmpi pnt'iity 

PS t -.L'h pnwiiy io Se: -.it Imerrufn 

Hi 

1 inner ! mtemtpt pnnjih 

PIE 1 slIi finofin in 1 truer E Em errupi 

PM 

External I imcmipi priority 

PXi 1 scL-s pnnfiti Em E.vlcrrtjJ ItU^rmpi ! 

mi 

Timer 0 inlcrmpt r'i-nil' 

PTU 1 >L‘f-priority luTirncro ifLlcrrup': 

PXO 

LfMjm.il 0 inicmipL pnonu 

LXU 1 sets pnorill Its l:\icrnjl inTiSrrUfrt. n 


The interrupt eomroi system a (8051 contains latches to hold the status of each interrupt. The status 
of each interrupt flags are latched and updated during S5P2 of every machine cycle j Refer to machine 
cycles for information on S5P2). The latched samples are polled during the following machine cycle. 
If the flag for an enabled interrupt is found to be set in S5P2 of the previous cycle, the sntemjpt system 
transfers the program (low io ihe eoiresponding interrupt's service toulitsc in the code memory (Pro¬ 
vided none or the conditions described in section "'Different conditions blocking an interrupt^ blocks the 
vectoring of the interrupt) The Interrupt Service Routine address for each interrupt in the code memory 
is listed below. 

I titer ru pi mini tier Interrupt wire? IMl I .hcjeUmi In emit iiiL-rnrtrv 


0 

External imcimpt 0 

ooftjfl 

] 

Inner M mtcmipi 

oiwmfi 
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2 External intcmipl I QFHJH 

3 Timer i interrupt tintBH 

*t Serial inicmipt 002311 

It is to he noted that each Interrupt Service Routine (ISR) is allocated 8 bytes of code memory in the 
code memory space. 

From the IP Register architecture it is obvious that each interrupt can be individually programmed to 
one of two priority levels by setting or clearing ihe corresponding priori ly bit in (he Interrupt Priority 
Register, Some general info on 8051 interrupts is given below; 

t. If two iiuenupt requests uf different priority levels are received simultaneously, the request of 
higher priority interrupt is serviced, 

2, II intemipi requests of the sortie priority level are received simultaneously, the order in which iIk 
interrupt dags ore polled internally is served first. First polled first served. (Also known as internal 
polling sequence.} 

3. A low-priority interrupt can always he interrupted by a high priority interrupt. 

4, A low-priority interrupt in progress can never be interrupted by another low priority inlcrmpt. 

5. A high priority interrupt in progress cannot be interrupted by a low prioriiy interrupt or an 
interrupt of equal priority. 

5.3.7.3 Different conditions blocking an Interrupt It is not necessary that an interrupt should 
be sen iced immediately on request. The follow ing situations cm block an interrupt request or delay the 
servicing of an interrupt request in $051 architecture. 

1. All interrupts are globally disabled by clearing the Enable All (EA) bit of Interrupt Enable regis¬ 
ter 

2 . The interrupt is individually disabled by clearing its corresponding enable bit in the Interrupt 
Enable Register HF:). 

3. An interrupt of higher priority or equal priori!;, is already in progress. 

4 The current polling machine cycle is not the final cycle in ihe execution of the instruction in 
progress (To ensure that the instruction in progress will be completed before vectoring to the inter¬ 
rupt service routine, In this slate the LCALL generation to the ISR local ion is postponed lit! the 
completion of the current instruct ion). 

5. The instruction in execution is RUT I or a write to the IU IP Register. (Ensures the interrupt related 
instructions will not make any conflicts). 

In the first three conditions the interrupt is not sen iced at all whereas eondilions 4 and 5 services the 
interrupt request with a delay. 

5.3.7.4 Returning horn nn Interrupt Service Routine An 3niemipr Serv ice Routine should end 
with an RET! instruction as the last executable instruction for the corresponding ISR. Executing the 
RET! instruction informs the interrupt system that the service routine for ihe corresponding interrupt 
is finished and it clears ihe corresponding priority-X fX=l High priority) interrupt in progress flag by 
clearing Ihe corresponding dip Hop. This enables the system lo accept any interrupt with low priority 
or equal priority of the interrupt which was just sen iced. Remember an interrupt of higher priority can 
always iniemjpi a lower priority even if the corresponding priority's interrupt in progress flag is pci. 
Executing the RETI instruction ROFs (retrieves) the Program Counter (PC) content from stack and the 
program flow is brought buck to ihe point where ihe interruption occurred. 
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In operation, RETI is similar to RET where RETI indicates mum from an Ititcirupr Service Routine 
and RET indicates mum from a normal routine, RETi dears die interrupt in progress flag a* well as 
POPs (retrieves) die content of the Program Counter register k> bring the program (low buck to the point 
where it got interrupted RET instruction only POPs the content of the Program Counter register and 
brings the program llow buck to the point where the interruption occurred. 

Will a non serviced Interrupt Jbe serviced later? This is a genuine doubt raised bv beginners in 
the H05f based system design. Hie answer is *Afo\ Each interrupt polling sequence is u new one and it 
happens at S5P2 of each machine cycle, If an interrupt is not serviced in a machine cycle for the reason 
that it oecuired simultaneously with another high priority interrupt will be lost. There is no mechanism 
in place for holding the non serviced interrupts in queue and marking them ns pending interrupts and 
senicing them later. 

$'3.7,5 Priority Levels, for 8031 Interrupts By default the H05I architecture supports tw o levels 
of priority which is already explained in the previous sections. The first prion ry level is determined by 
the settings of the Internal Priority (IP) register. The second level is determined by the interna] hard¬ 
ware polling sequence. The internal polling sequence baaed priority determination comes into action if 
two or more interrupt requests ufcquaj priority occurs simultaneously. The internal polling based prior’ 
ity within the same level of priority is listed bdow in the descending older of priority. 

Interrupt Priority 

E:\iimialirilcmiplO HIGHEST 


Timer fl overflow mtci-nipi 


External irut-TTupi 1 


Inner 1 overflow interrupt 


t 

Sl-i. i 1 i men up! 

LOWEST 


3.3.7.6 MTta! Happens when an Interrupt Occurs? On identifying ihe interrupt request num¬ 
ber, the folio wing actions arc generated by the processor: 

I Complete the execution of instruction in progress. 

2. The Program Counter (PC) content which is the address of die next instruction in code memory 
which will be executed in normal program lUiw is pushed automatically to die stuck Program 
Counter Low byte (PCL) is pushed first and Program Counter High (PCH) byte is pushed next, 

3. Clear the corresponding interrupt flags if the interrupt is a tinier or external interrupt (onl) 1 for 
transition activated (edge triggered) configuration), 

4. Set intcmipi in progress flip flop, 

5. Generate a long call (LCALL) to the corresponding Interrupt Service Routine address in die code 
memory (Know n as vectoring of interrupt), 

5.3.7.7 interrupt Latency In the K051 architecture, ihe interrupt flags are sampled am! la (died at 
S5P2 of each machine cycle The latched samples are polled during S5P2 of the following machine 
cycle to find out their state. If the polling process identities a priority interrupt flag’s flip flop as set 
an LCALL to its ISR location is generated (If and only if none of (he conditions listed under the topic 
“Different conditions blocking art interrupt " blocks it). Inter™pi latency is die time elapsed between 
die assertion of the interrupt and die start of die ISR lor the same 


m 


Designing Embedded Systems with Bbii MicioconttcHeis — 80S J 



A 

c. 

1 

£ 

i 

g % 

r i § 

* 

K 


M. '; Ti-:. ' ''j.,, ..,'1 •- 

It- rrupl latency lime f„ v - r , 



4i r f5* Time 

I Pig. .5,31) Xalerrupi latency 


Interrupt latency is highly significant in real-time applications and is very crucial in time-critical 
applications. Interrupt latency can happen due to various reasons For external intemipis there is no 
synchronisation wilh die system (asynchronous m behawuur) and so it cun occur at any point ol time. 
But the processor lutehc* each interrupt flag only at 55T2 of each much me cycle. So there is no point 
even if the interrupt occurs at SI PI of the machine cycle. It is iaiehed only nt S5P2 of the current ma¬ 
chine eycjc and the latched interrupts flags are polled at S5P2 of the follow ing machine cycle anti an 


LCALL is generated to die corresponding ISR, if no oilier conditions block the call, So this delay itself 
contributes a significant part in interrupt latency, Even if ihe ISR is entered some delay can be happened 
by the number of register contents lo be stored: (PL 1 SI I instructions) and oilier actions to be lakeii before 
executing ihe ISR task. The intemipl latency part which contributes the delay in servicing ihe 1SK is the 
sum of the following tune delays. 

Time between the interrupt assertion to the start of state 55 of current machine cycle (polling cycle) 
- (Time for S5 & $6) + Remaining machine cycles for the current instruction in execution iTIte current 
execution should not be RETI or instructions accessing registers IE or IP. if so there will be an additional 
delay of the execution time for the next instruction! + LCALL generation time. The LCALL generation 
time is 12 T Stales (2 Machine cycles) 

If the current machine cycle (the polling cycle) ts die last cycle of the current instruction in execution 
and the current inxtnicliun in execution U Ollier lhan RHTl or rostniclinn accessing IE or IP register, the 
interrupt vectoring happens at the shortest possible time and it is given as 


Time between die interrupt asserted to start of stale S5 of current machine cycle (polling cycle) 
+ (S5^Sb T stale - 12 clock) 

- Time between the Intcmipi Asserted to the start of slate S5 + (((1+1 + 12) X 2) ; f ) seconds, 
j! T slate = 2 clock cycles, and 1 clock cycle = 1/f^J 

The minimum time required lo identify an inicitupl by the system is one machine eydc T Lc. if an 
interrupt occurs at of a machine cycle, it is latched and ti is identified ns tm interrupt nr stale Sf 
of next machine cycle (Polling cycle). Hence the minimum Lime from interrupt assertion to 55 of the 
polling machine cycle is ] machine cycle (12 clock periods), Hie maximum time required to identify 
an interrupt by the system is approximately 2 machine cycles. Assume the intcrrupl is asserted at state 
56 of a machine cycle, it is latched at 55 of next machine cycle and Ihe Idlehcd value is polled at 55 id 
next machine cycle. Hence ihe ininimuni time between the 'Interrupt Asserted' iu state 55 oflhccurrcni 
rnachtnc cycle (polling cycle) is ft 1 States (E machine cycle). Thai mean 1 ! Slate S6 of previous machine 
cycle to stale S5 of ciuttnl much me cycle. Hence the minimum acknowledgement time will be 20 T 
Stales (Since J machine cycle = ft T states The approximate response delay will be 3 machine cycles) 

3 machine cycles is the minimum response delay for acknowledging an interrupt In a single inter¬ 
rupt system There may hnvc additional wait limes which come as an addition to die minimum response 











/nirpafoeiJ 1 ^ to Embedded System 


m 

delay, depending on some other conditions. If you look back to the section " Differ? nr conditions block¬ 
ing ittt Interrupt ' you can set: (hat if the current machine cycle when the interrupt asserted (The machine 
cycfe til which the interrupt i*. latched) is the hist machine cycle of the current instruction in progress, (he 
interrupt vectoring will happen only after completing the next instruction. If the instruction in progress 
is not in its filial machine cycle, she maximum udihliunat waiting (waiting little excluding the LCALL 
general ion time) time required to vector the lulemipl cannot he more than 3 machine cycles since the 
longest instructions MULAB and DIV AB arc 4 cycle instructions. If the instruction in progress is a 
RCTI instruction or any access lo IP or IE register ilieii also the vectoring of ihe interrupi service routine 
u ill be delayed till the execution of next instruction. If the next instruction following the RETI or IIVII- 
register related msirugiion is ML'L AB or DIV AB, the additional wait time will be 5 machine cycles 
(KE- U .iiul JP/|H related instructions, are 2 machine cycle instructions)* 

In brief. the response time lor interrupt in HQ5I system is always more than 3 machine cycles and less 
Ilian 0 machine cycles. 

5.3.7.3 Configuring External Interrupts R05I supports two external interrupts, namely, Ktter- 
ttiti niter t ht f U and External interrupt l. These are hunJw are iniemipi.s. Two port pins of Port 3 serve the 
purpose of external interrupt input line. External interrupts are usually used for connecting peripheral 
device- The external interrupt assertion can he either level triggered or edge triggered depending on 
tile external device connected to the interrupt Sine. From tile 3051 side it is configurable and the con¬ 
figuration is done at the SFR Timcr/Countcr Control Register (TCON). Bits TCON G and ICON.2 of 
TCON register configures the same for External Interrupt 0 and 1 respectively. TCON.O b also known 
as Interrupt U type control bit (ITO), Setting this bit lu 1 configures the external interrupt 0 as failing edge 
ti iggeicd Clcnnng the bit configures die external interrupi 0 u-i l«w level triggered. Similarly, TCON.2 
is know n as Interrupt I type control bit (ITI). Selling this bit to 1 configures the external interrupt I as 
filling edge triggered. Clearing this bit configured the external interrupt 1 as low level triggered. 

Fotcxlcmul interrupts, the interrupt line should be asserted by the external|y connected device to a 
minimum time period of the interval between two consecutive Latching, i.e. SriPt of previous machine 
cycle loS5P2 of current machine cycle (1 Machine cycle). Otherwise it nuy not be identified by the pru- 
eevior (Only interrupt which are found nssened during the Inching time (S5P2l will be identified). 

5.3, 7.9 Single Stepping Program with the Help of External Interrupts Single stepping js 
the process of executing the program instruction by instruction. This car be achieved with the help of 
the cxiem.nl interrupt 0 or I and u small firmware modification. This works on the basic principle that 
an interrupt request will not be acknowledged if an interrupt ot equal priority is in progress and if the 
instruction in progress when [he interrupt is asserted is a RHTl instruction, the vectoring will happen 
only after executing an instruction from the main program, w hich is interrupted by the interrupt. If the 
external interrupt is in the asserted slate, the interrupt vectoring happens after executing one instruct ion 
from the main program. This execution switching between the main program and I SR can be achieved 
by a simple I SR firmware modification, Connecting a push button switch to the external interrupt tine 
0 through d resistor is the only hardw are change needed for a sittplr step operation (Fig. 5.22). Config¬ 
ure INTO as level triggered in firmware, Activating the push button asserts the INTO interrupt and the 
processor starts executing the 1SR lor interrupt P, At the end, ihc 1SR waits for a 1 to 0 transition at the 
INTO hue that asserts the external interrupt 0 again. The next instruction that is going In be executed on 
asserting the INTO is RET! and according to the general interrupt vectoring principle the processor will 
go back to the point in the main code where it got interrupted and af ter completing one instruction it will 
again come back to the INTO ISR. This process is repeated. 
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Single stepping cun also be done with external inter¬ 
rupt I. Make external interrupt I as level triggered and 
correct (he hardware set up to pin P3.3 (external inter¬ 
rupt t line) and modify the I SR for external interrupt I 
as explained for cxtcm.il interrupt 0 J$R. h will work 
fine. Single stepping is a very useful method in debug¬ 
ging the application. It gives an insight into the vinous 
effects produced by the execution of an instruction, like 
registers and memory locations modified as a result of 
the execution ol on instruction. 

fr— -——-——(Tig, 3,33', Hardware letup tor niagla itepplug 

Example 1 program, wuh nimd Interrupt 

Design -in #QfI microconirulkr based Jala acquisition swem for interfile ing die A nalog ter Distal tVi-n verier A EX'. 
ADT080I from National semieomiucfoti The system \himl, I satisfy Hie following: 

1. Use Aimers ATB9CM/J2 or ATK9SH252 (Flash nnerecorumller with In System Rmjznunmin£ (ISP| support) for 
designing ihc system Use a 12 Ml V/. cp Mai reswtator for generating the necessary elrck signal for the controller 
Use on-chip program memory foi storing the program iniUm-iium. 

2. The data lines cf the ADC is interfered to Port 2 of i lie micros nil roller. The control signals |RDv, WiVvCSi) to the 
A EX' s-. supplied through Port 5 pins of microcontroller. 

3 The An-ifog voltage range for conversion is from OV to 5. The varying analog inpul voltage is generated from the 
5 V supply voltage (Vcc) using U variable fUnislL'i (I ‘ol: ri LKimcter>. The A DC’ asserts jm mlcirup line to Liitarrupl llu L 
microcontroller when the AD corners ion is over and dam is available at the AIX’ data port. 

4 The microermlroller cead-s. ihc dan on receiving the interrupt and stores it in tlic nucmor> "Hit* sueecsMvr data am- 
version i> initialed Jiier reading lbc convened Jala for a sample. Only the most recent 1ft samples are stored in the 
microcontroller memory, 

1 his example is a good starting point for a discussion on data conveners, and their use m embedded applications The 
processing'contmllifig unit (The core of the embedded System) of even embedded system i* made up of digital systems 
and (hey work only on di^Ld dam. Hit proctor-controlIcr is capable of dealing with binary idigitali data only. As men¬ 
tioned in the beginning, embedded systems ant in constant inicruiiioi) v, ith ihe real world through sensors nnd .k r.i.mirv 
In rm»i nfiV stturtiiuis, ihe signals which arc handled b\ emtwddod systems fall mm ihe category ‘analog’. Analog 
signals aiv continuous in narure Mast of ihe embedded systems used in eoninol and instmnvrntariDn application's include 
the monitoring or control of at lej-,i upc aria|i‘ii hignal Tlic thermocouple bused temperature scnsuig system uied tn av 
.iminal CLiniiol is a (ypical example for diis. The i]icnuocou|tLe gfucraios miljivoltago (mV) in response So (he changes in 
teinperaiuEc t his voltage vigniK are fiheixd .uni signal condilioned imd then applied lo (be monitoring syvccni tor mom- 
firing md control purpose T>tyiral systems are not capable of turn llmg analog signals 3^ such Jrir processing The analog 
mpiil Mgnttl from sensors needs lo he digilisied.{qiinniiired I before mpuling to ih .- digital systeens. In a similar fashion, the 
mil put (torn digital systems are digital {discrete) in nature anti (hey cannot be applied directly to analog systems which 
require cotuinunLiH signals for their operation. The problem of hruullmg ihc analog imd digital d.itu m embedded, systeenv 
is hunilled by data convenes U_ll, cnnvsrters fall into (wo ealccories. namely; Analog to Digital Converters (ADC) 
and Diuital io A rial op Converters [DAC!. AnaJop (o Digital Converter (ADC) converts analog Hif.;tul;i to corresponding 
Jigita) representation. iSrlicieas D:diLii lu Arulot; Convener iDAC’) converts digital signals lo the conC?fM>miLng analog 
repitaeniaiioo 

ADCs are ibied the input stage of the processor controller and DACs are used at the output stage of ihe processor 
controller. ADCs and DACs arc available in the form of Integrated C ircuits (1C*) from dilterenl iwmifacturers. These 
chips areiLsed: for inicffjACmy (he pfOccssor'ecmrOller with scnsorvaclualctn which produces requires analog stgraaJi. 

Analog lo digital conversion can be accomplished through different conversion techniques. Successive ippruxinu- 
ifon mid Integfulur arc the two ci'Uimoiity adupitd jnafog to digital ccnvcrMun tedunques In the suceewive iippuixu 
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FFGA 
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EPROM 

EEPROM 

FLASH 

RAM 

SRAM 

DRAM 

NVRAM 

ADC 

LED 
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(bplutoupter 

Stepper mo to ir 


Relay 

hkrq Buzjfr 

pDih BulLuit 

switch 

PPt 

\1C 

SPI 

UART 

LWirc intfrfatc 

Rh-232 C 

RS-485 

USB 

IEEE UW 
Fire wire 


: Field Programmable Gate Array Device. A programmable logic device with reconligtrrable 
function, Popular for prototyping ASIC designs 

; Masked ROM is a one-lime programmable memory, which uses ttrc hardwired tochnofogy for 
sluing Jeia 

: One Time I’Tngtiirrtm&bk: R«d Only Memory made up of nichromii: or polyps I icon wins* 
arranged in a matrix 

: Erasable Programmable Road Only Memory Rcprogramrruble ROM Kra«d by cxfKnung to 
UV light 

; Electrically Erasable ProgrammiiMc Re-id Only Memory, Reprogrammable ROM. Erased by 
applying declncal signals 

: Electrically Erasable Programmable Read Only Memory Same as EEPROM tuts wish high 
capacity and support fur block, level memory ending 
: Random Access memory. VnbciLc roomrey 
: Stalk RAM. A type flf RAM* made up of flip-flops 
: Dynamic RAM. A tip: of RAM P mode up of MO$ Transistor and Capacitor 
: Nan-volatile SRAM Battery-tocked SRAM 

i Analog in Digital Converter. An integrated circuit which converts analog signals to digital 
form 

: Light Emitting Diode. An ampul device which produces vbunJ indication in die form of Light in 
accordance with currant flow 

: The 7-scgnierrt LED display is on output device for displaying alpha numeric characters 
It cantata* St light-emitting diode (LED) segments arranged in a special ionn 
: A sol 11L Mate device So isolate two pruts of a circusi Oploconplcr combines an LED and a photo- 
trarm-stoc m J Single housing (package) 

: An tketrD'tppdmi^l device which generates discrete displjcemctn. (maiton) m tesponse lo dc 
elecirieul signals 

: An clcctro-tucduink'al device which acts as dynamic juth selector for signals, and power 
: A picTo-clectric device for generating audio indication It contains n pie/a-clcctric diaphragm 
which produces audible sound in trepans to the voltage applied to ii 
; A mechanical device for declfic cin.-uil nnikc' unJ ‘break' upcralion 


FTogiwnituble Peripheral luie?face i* a device lor extending die LO oipabiliiki of processors- 

conlrollcrs 

The llnlcr Integrated Circuit Bus E12C-Pronounced i square C’) ts j synefarnoom bi-direcikmnl 
half duplex iwn wire scral interface bus. 

The Serial Peripheral Interface Dus iSPl) is a synchronous’ bi-ditecl tonal full duplex four wire 
serial iuicrfucc Uur 

The Universal Asynchronous Receiver Irarnmillet is an xynduonoui communication 
implementation standard 

An asyircJironoiis halt-duplex communicaLian protocol developed by Mux on Dallas 
Semiconductor It is ako known as P.dki l-Wire> ptutowd. 

Recommended Standard number 232. revision C (him die Electronic Industry AsSoCs-diim, is a 

legacy. full duplex, wired, nsyfK-lniitiouv acfi.il communieaiwm interface 

The enhanced version of RS-132, which supports midi i-drop ccamntnieatiofr with up to 32 

transmitting devices (drivers) and 32 receiving dev Lees on ihc bi;s 

Uni vena] Serial Bun it a wired high speed serial bus for dal* communication 

A wired, isochronous high speed serial communication bus 

The Apple tnc/s, impiemecitatioii of lire 139-1 protocol 
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Infrared (IrlLV) i 

R||R|»|l(h 3 

WI-FI : 

/dgltn- : 


GTR-S ; 

Rcvei < irruit j 

Brown-nut ; 

ProTeellon C Ire nil 
RTC : 

Wnrehdng l inter : 
(WD n 

PC B : 


A Mfrrn.1. half duplex, line of sight b.wd wirekv. technology for data communication between 
devices 

Alow com. km power, ditto range wireless technology fuj da Lb and uiicc communicaCion 
Wilder fidelity bttic(xipuLjs wireloseoiririiunkjliOfllechiuquvlV.it tic! wwLcd ixiiimiuiikjltoii 
of devices 

Alow power,low cost, wirck-vs liL-ivuirk communtcaiiunprotocoltared an the IHEt h02,154- 
200b standard. ZigBce is targeted for low power, low dnia-ralc and secure applications for 
\K ire less IVrsiMULl Area Nc(wuikinf. 1 A I'AK ) 

GoktuJ Racket Radio Service b u contttiunicallnn technique lor ttutiifening data over a mobile 

CurumunicalltiO |JL’I Vui■ I Like GSM 

A pussi \ c circuit or St' device so supply u roses ni^r-sl to ibcptoce^ur controller of the embedded 
syiiem 

A passive eircui: or II device id protect die pnxe&s-ur from unexpected program execution 

flow due t,i ihe drop in power supply voltage 

Real rum- Clodt ts ii vvsteitii eoiupunenl keepitm track vt time 

I imer for rm>rtilodn|i the linnwai e mcculu, -n 

Rnnted Citcusl LLiard i, itsc place holder ilor .-iftangmti the Jilfcrcnt liordwari- cnmpivnenls 
required lu build the embedded product 
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Objective Questions 


Embedded hardware soMware .ire basically designed rn 

In) Regulate a physical variable «h) t'hange she state of some devices 

|C) Mpaskirc Read (he slate of a variuMe. device {il] Any'Alt nf tllcvc 

Little Endian processors 

(a) Store Ihc lowcf-errdcr byte of die dai j m rhe km nt addict and the higher-urderbyte of Ihc dau dL the lilghol 
addreiis of in ernory 

(b) Store she higher-order hyle oflhe ihita .it the lowesl address and she tower-nrekr byte of She rl.ila at the highess 
address of memury 

(c) Store both higher order and- lower order byte of ibe dam at she s.imc address of memory 
tit | None of Shesc 

An integer variable with value 2?? is stored in memory hvatjon 3 t ftxSCKH), TTie processor word lenglh is St bits 
and the processor is x big endian processor. I he ii/e uf integer is considered tt 4 bytes in the system. What is the 
value held by the memory tacnikm OxbOW' 


rat OxFF (hi OxfKt 

A, The instruction set of RISC processor H 

(a) Sintpk and ksrer in number 
( c} Simple and 1 urger in ti u i ohc r 
5 , Which of the follow ing l& true obout C ISC‘ prucesaon? 
(a) The instruction sel is non^mhogoaul 
1b| The number of general purpose registers ™ limited 
|c) In.vtnictions arc like macros m C language 
(d) Variable knplb Infslractiorii 
ic) All nl these 
(0 None of these 


H-i turn 


ul 3 None afltiutt 


Shj Complex and kvrer in number 
Id) Complex and larger ui number 
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6. \MiiirJi of the folk™ in^ processor iinrhilrclurr supports easier •. nstrjcl iur. pipelining? 

U! Harvard (b| Von Neumann (c) Both ofthem (d) None of these 

7 Microptoec^+i>rs controllers bnwil on lhe Tlurvjrd areliilecliire will have separate data bu* and mj traction lux 
I hK allows the data in ruder arhi program fetching to occur simultaneously cm both hu^es. Slate True or False 
(a) True (b) False 

8. Which of the following is onc-Urnc programmable memory? 

(a) SRAM (b> PROM (c) FLASH <d> NVRAM 

9. Which of (he following mentmy type is best suited for dev elopment purpose? 

(a) EEPROM (bj FLASH (c) UVEPROM 

|Jj OTP ft) (•> of(b) 

Ifl. EiEPRl JM memory is alterable of byte level. Suite True or False 

(a) True (b) False 

11. Nun-* i-Liuk' RAM is > Random Access Memory with battery backup. Stale 1 rue or False 

(a) True (bj False 

12. kseeuiiim of prog-ram tram ROM is faster than the execution from RAN!. Stale True or False 

mi True (b| False 

13. Dynamic RAM stores dam in (he form of voltage, State True w False 

fall True (b) False 

14. The inrun 1 1 algurii hm (Program instruei kms) and w Qk canfi guraiion sdiing* that are kepi in the code (Program I 
memory ol Ihe embedded system are known as Embedded Software. State True or False 

(a) True (b| False 

15. Which of the following is «i example for Wireless Comimmicafion interface? 

(«) R5-232C (b| Wi-Fi (e> Bluetooth 

(d) GBEL344 (e) boih (b| and (c) 

] 6. W hich of the following; is [are) examples for Application Speculc instruction wi Pniccwhvi 
(4| Intel L'mlnnu (b| Atmi'l Antomutiv c AVR 

(c) AMDTurkm (<t| Microchip CAN PlC (e) Allofthese (1) both(b)and(d> 

17 . Flow many memory cells are present in I Kb RAM 

(«) 1024 (b> WZ fc) 512 (d) 40% 

(c) None of these 

1S. Which of the following memory supports execute in Place I XI P>? 

(■) EEPROM Cb| NOR FLASH (c> NAND FLASH 

(d) both (h) and (c) (e) None of these 

19, How many memory cells an* prricnl in IKb Serial EEPROM 

(i) 1024 (b) 8192 fc) 512 (d) 40% 

(c) None of those 

20, Which of the following is ■fane! ^sm-ptef*) for the input subsystem of an embedded system dealing with digital 
data? 

(a) ADC lb) OptoccRipIcir (c) DAC I'd) All of them 

(e) only (a) and |b) 

21. Which of the following tit (arc I cxtunptefsO for die output subsystem ol' an embedded system dealing w Lth digtinl 
data? 

(a.) LED |b) Qptoctxiplcr (c) Stepper Motor id) All of these 

(e) only (a) and (c) 

22. Which of the following is true about optooouplers 
(a) OpEocoup let acts aa on input device only 

fb) Optocoupler acts as on output device onlj 

(c> Optoooupler can be used in both input and output circuitry 

(d) Noneeflhcie 
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24 


25. 

26. 
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28. 

29. 
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1. 

2 . 

i. 

4. 

5. 

6. 

7. 


Which of the following is true abour a unipolar stepper motor 

fa I Cohlains only a single winding per ilsltf phase f b) Lomums two windings pet stator phase 

(c) Contains four windings per stiilor plaasc id) None of these 

Which of the following is (are) Cnie jIkiliI nurtil.iFiy Open single pole relays? 

fu) The circuit remains open when ihe relay is not energised 

(b| The circuit remains dosed when the relay is energised 

(c) There are two output paths 

(dl HoiK(i)and |b) le) None of these 

What is the minimum number TO line r c l| uj: c>J to loledkc ll 3 6-Key nutria keyboard? 

fa) 16 |b) B (c) 4 (d) 9 

Which is ihe optimal row-column configuration for a 24 key rantrix kryboard7 

(a) 6x4 (b) 8x3 (c) 12x2 (d) 5x5 

Which of the following is an example for on-board interface in the embedded system context? 

(a) 12C lb) Bluetooth (c) SPI (d\ All of them 

(cl Only fa) and (c) 

What is the minimum number of interface lines required for impIrmentiTig I2C inlerfaCe? 

(a) J (b) 2 m 1 id) 4 

What ts the mmimum number of interface Lutes required for implementing bFL interface? 


(a) a 

(b) 3 

(c| 4 

(d) S 

Which of ihe following arc 

synchronous send interface? 



(u| I2C 

(b) SPI 

|c) UART 

(d) At! of ihnse 


(e) Only (a) and (b) 

RS-232 is a synchrciriotis icrial interface. State True or False 
(a) True (b) False 

WTitt is the maximum number of USB devices llv.it can be contteelod lo u USR hits.!? 

(A) Unlimited (b) 128 (c) 127 (d) Noncoflht*e 

In ihe ZigRce network, wfiich of ihi? following ZigBee 1 entity stores the rnfonnaEion about the network' 1 
(n) ZigBcc Coordinator |b) ZigBer Router 

(c) ZigBee Reduced Function Dev'iee (d) All of them 

WJuit is the thcordicnl maximum data rate vupptvricd by GPRS 

(a) SMbpi (b) 12Mbps (c) 100Kbps (d> 1717Kbps 

GPRS communication diviiles the raiSio clumncl into_timeslots 

(a) 2 (b) 3 (c) 5 (d.) 8 


c 



Review Questions 


lixpLom the component* OI a typical embedded ^ "Jem in dCttfil 

Which am the component* used a* the core of an embedded system? Explain the merits, drawbacks, if any, and ihe 
nppUcaEiom/dOmxmx where they Arc commonly Used 

What is Application Specific Inlcgratcd Circuit (ASIC)? Explain the role of ASIC In Embeddm) S>3tctr ile5ign ^, ' 
WhAt h ihe dincreuee between Application Specific Integrated Clrvuil l ASIC) Application Specific Stnmkird 
Product (ASSP)? 

What is ibe differance between micmjifaeeshor and mitrcconirnllei? Expl*m the role of miemproccisofs and 
controllers in embedded system design? 

Whit is Digital Signal Processor (DSP)? Explain Ihe role of DSP in embedded v-'sierti design? 

What is ibe di(Terence bciweeni RISC and CISC proccMors? Give an example fur each. 
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N. Whal ii preKcsjur irekiteeture'' Win’ are the different processor urehi lectures available fur jiruces-sorteontrelkr 
design'* Give 3 ]] example for each. 

*t W'hai i< ihe tinferetisv Mu. ...'n htg-cndinn ind Imfe-endum processor? Give on example of ejeli 

10 Whal is Pnicmmin.ihtc Luorr Device ^ PLP>Whal arc the differem types of PLDi? Explain the role of PLDs in 
Embedded System design. 

11 Whai i* ihc difference between PLD and ASIC? 

12. Whit are the advanta^ of PLD over fixed fegie device? 

I 3 Whal arc the dillertnl 1 >ih l -. of mernmicv n^cd in Embedded Sy^eut design 1 Explmn the mk of each, 

14 Whit arc the different r pcs of memories ured for Program storage in Embedded System Desien r> 

15, Whal is die difference beiwcen Mocked ROM and OTP? 

I o What i h liie difl ermec bel w ca l PROM and EPROM? 

1 7. What lUl the adv antage- of FLASH over other program storage memory in Embedded System design? 
ifc What ij ihc difference bel w een RAM and ROM? 

I ^ What arc die differ fill ft |we of RAM used lor Embedded System design? 

20. U Jiil is memory dudowitig ? What is its advaninge? 

21. Wlu-c ii Sciiwr? Explain its t jIl- in Embedded System Design? llhotfale with an example 

22. What is Actuator? E'spbin its role in Embedded System Dengri? ILIuSlralc wiih an example. 

23 What is Embedded S-irmv. are ' Whal are the dillerem jppr&jehc& available for Embedded Firmware development? 

24, Whal is the difference* hriiMfen General Purpnsv Ifeocift-nr (GPP) nivd Application Specific Inslructinn Sel 
PiwcfiUrfASIPl Give an example tbrbnih 

25. Explain the concept cl l.oad Store architecture and irt-vtnuclitffi. pipelining. 

26 Expl ui n 1 he operation 0 r" Stntie RAM iSR A M) cell. 

27. Explain die merift and limiUUions of SRAM and DRAM as Random Access Memory. 

28. Sixplain the <|i[reran cl' between Serial Access* SIcjtiL» ry (SAM) raid Random Access Menmry (RAM) Give an 
example lor both. 

29. 1: xphtin the different factofs that needs to be considered in ihc election of memory for Embedded Systems. 

3d Explain ihc different types of FLASH memory and ibcir relative merits and dc-meriis. 

31. Explain lLic differ jeil Input ..nd ouiput subiviLetna of Lioileddcd Syslems. 

32 What is stepper motor? How fe u dilfctcni from ordinary de nwtnrT 

33. Explain Ihe role of Stepper motor in embedded applicaticu’is. with examples. 

34. r-xphin Ihc dil fercnl vicp ti lodes for lieppcr motor. 

35. Whut is Relay? Whirl are the different types, of relays available? Explain ihc rule of relay in embedded 
applications, 

36. Explain the operation of the transistor bflised Relay dnver circuit. 

37. Explain the operation of a Matrix Keyboard, 

38. What i* E‘ro^nunnuih3e Ifetiphcral Jmerfaee (I'PI) Device^ Lxplam ihe interfaem^ of S255 Pfi with an SbiL 
111 iefiiprocestorfeiinl mller, 

3?l. Explain the different on-board communication interfaces in brief. 

40, Explain the different exlcmal coinmuniaition interfaces, in brief. 

■11 Explain the sequence of operation forconimunicoting with an 12 C slave device. 

42, Explain the JirTcretieti between I2C und. SPI eummunfentiiui jnierfhce. 

43, Explain lhe sequence of operalion for communicating with a 1 - Wire slave device 

44, ExpLain the RS-232 C serial tntcrfacc in ttelail 

45 Explain the mcriu and limitation* of PamlleL pon over Sena! RS-23? interface 

46. Exp I ain the merits and 1 i mi tab ons 0 fl F EE 1394 interface over USB. 

47. Compare the operation of ZigBcc and Wi-Fi network. 

48. Explain ihc t*>fe of Rc^t uiieuit in Embedded Syxicm. 

49. Explain (he role of Rea! Time Clock (RTC) in Embedded Syalem. 

50. Explain the role of Wuichifefi Timer in lunbedded System. 
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Lab Assignments 


1. Write a 'C profnun 10 find the rjir/itumras of ihc processor m which the pnigram is running If ihe procesAor 

is big L/nJiart, pnnl “The processor archilrL'Tiire is Big ernh^n else print “1 he proces^r 3ti:hilenun; Little 
i-i-qiah' ntt the tuu-i c windovs ! vecute the prtiij.raiis ■►cp.u.itvLy dn a PC with Window:., Linux and MAI 
opcnatini; tyMom, 

2. Denw the inlerfaciiiH diitgrnm for correcting an T FT) tn the pMl pin *tf 4 nricfoecmtiulkr. The LED i* lumed ON 
when the mimKontmltcr port pin t* .it Logic h tl . Calculate the ncnutanco required to connect in senes with the 
LED for ihe fellow me dengn patumetm 

U LED voltjee drop on conduecine ■ J,?V 
[b» | [ Oaimnl niime 20 mA 
(c) Power Supply Voltage - 5V 

3. Design an RC {RedeAnHEapatilur) basedre&cl circuit f« prxinfudng an aciiic lu« i'i'iver-Otiteret pulviif width 
(J.l mill 1 seconds 

J. Design a 7cner diode ,irtd transistor based brown-mu proiectioti circuit wuli active low re^el piilse for tlic 
follow design pcLrametei - 
fa) l Jsc BC32 - PNP tramisme Rt ihc doitin 
i h flic supply n Llltairc to tile s} 4crt| is 5V 

(el I he resel poise u asserted w hen Ihe supply voltage falls belaiv 4.7V 












Characteristics and Quality Attributes 
of Embedded Systenfs 




LEARNING OBJECTIVES 


S team the characteristics, describing on embedded system 

J team (Ae non-functionat iaQuii-:ments the: n„ , a ; tv he addn si ed n rfce design of on embedded system 

J team the important quality ottht ..f« of the emMfad rot roads to to addressed for the ctmvtionot mode 
(atdme mode) af the system* This ■ tuefe Response, Tmon^hput R<: sbiih, Naintamobitity, Security, Safely, 
etc. 

/ team the important quality attributes of the embedded syitem [Am fitrtfj to be addressed for the non-epemtionat 
mode (affine mode) of the j/rfra. This include: Tcstobiiry. Cattc-iaii;?* Ewiyabiiity, Portability, Time to proto* 
type and market, Per i/ml cost and {frrtnu it eti 

s Understand rte Product Life Cydt (PLQ 


No matter whether it is an embedded ot a non-embedded system, there will be a set of characteristics 
describing the system. The non-functional aspects Thai need to be addressed in embedded system design 
are commonly referred as quality attributes. Whenever you design an embedded system, the design 
should take into consideration of both the functional and non-functional aspects. The following topics 
give an overview of the characteristics and quality attributes of an embedded system. 

3. L CHARACTERISTICS OF AN EMBEDDED SYSTEM 

Unlike general purpose computing systems* embedded systems possess certain specific characteristics 
and these characteristics arc unique to each embedded system. Some of the important characteristics of 
an embedded system are: 

1. Application and domain specific 

2. Reactive and Real Time 

3. Operates in harsh environments 

4. Distributed 

5. Small size and weight 

6. Power concerns 
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3.1.1 Application and Domain Specific 

J f you closely observe any embedded system, you w ill find that each embedded system is having certain 
functions to perform and they Eire developed in such a manner lo do the intended functions only. They 
cannot be used for any other purpose. Ii is the major criterion w hich distinguishes an embedded system 
from a general purpose system. For example, you cannot replace the embedded control unit of your mi¬ 
crowave men with your an conditioner's embedded control unit, because the embedded control units of 
microwave oven and airconditiuner are specifically designed to perform certain specific tasks. Also you 
cannot replace an embedded control unit developed fora particular domain say telecom with another 
control unit designed to sen e another domain like consumer electronics. 

3.1.2 Reactive and Real Time 

As mentioned earlier, embedded systems are in constant interaction with the Real world through Sen¬ 
sors and user-defined input devices which arc connected to the input port of the system. Any changes 
happening in the Real world (which is called an Event) ore captured by the sensors or input devices in 
Real Tune and the control algorithm running inside the unit reacts in □ designed manner to bring the 
controlled output variables to the desired level. The event may be a periodic one or an unpredicted one. 
If the event is an lim predicted cue then such Systems should be designed in such a way dial it should be 
scheduled to capture the events without missing them. Embedded systems produce changes in output in 
response to the changes iti the inpuL. So they are generally referred as Reactive Systems. 

Real Time System operation means the timing behaviour of the system should be deterministic; 
meaning the system should respond to requests or tasks in a known amount of time. A Real Time system 
should not miss any deadlines for tasks or operations. It is not necessajy that all embedded systems 
should be Real Time in operations. Embedded applications or systems which are mission critical, like 
flight control systems. Anti lock Brake Systems (ABS). etc. are examples of Real Time systems. The 
design of an embedded Real time system should take the worst case scenario into consideration. 

3.1.3 Operates in Harsh Environment 

It is not necessary that all embedded systems should be deployed in controlled environments. The en¬ 
vironment in which !he embedded system deployed may be a dusly one or a high temperature zone or 
an area subject to vibrations and shock. Systems placed in such areas should be capable to withstand 
ah these adverse operating conditions. The design should tube care of the opera ling conditions of the 
area where the system is going to implement. For example, if the system needs lo be deployed in a high 
temperature zone, then all the components used in the system should be of high temperature grade. Here 
we cannot go !ur a compromise in cost. Also proper shock absorption techniques should be provided to 
systems which are going lo be commissioned in places subject lo high shock. Power supply fluctuations, 
corrosion and component aging, etc. are llie other factors that need lo be taken imo comddemfion for 
embedded systems to work in harsh cm iron men IS 

3.1.4 Distributed 

The lerm distributed means that embedded, systems may be a pan of larger systems. Many numbers of 
such distributed embedded systems form a single large embedded control unit. An automatic vending 
machine is a typical example for this, The vending machine contains a card reader (forpre-paid vend¬ 
ing systems), a vending unit, etc. Each of them arc independent embedded units but ihcy work together 





